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Executive Summary 
Bangladesh agriculture has come a long way over the last quarter of a century, which 
accounts for around 16% of GDP at present. Crop sub-sector contributes the lion's share to 
it, 9 percentage points at the moment.  
Agriculture in Bangladesh is influenced by climate, its seasonal characteristics and different 
climatic variables such as temperature, rainfall, humidity, day-length etc. Consequently, 
climate change as indicated by a rising trend in average temperature and volatility of the 
precipitation regime will affect agriculture to an extent. On average, weather related natural 
hazards such as flood and drought as well as salinity already affect respectively 34%, 15% 
and 4% of total households affected by all hazards and associated with 23%, 6% and 3% 
respectively of total damage and losses occurring in Bangladesh during 2009-14. Among the 
sectors, crop cultivation experienced the highest damage and loss (around 36%). The 
frequency and severity of all these hazards may increase over time as climate change 
unfolds and with it the prospects for agriculture in general is also going to be uncertain 
possibly jeopardising food security in the country. For future food security it is absolutely 
necessary to understand how Bangladesh agriculture can advance in future under climate 
change.  
Adaptation to these climatic and related uncertainties thus becomes an urgent task for the 
country. At its sixteenth session the Conference of Parties (COP) under the United Nations 
Framework Convention on Climate Change (UNFCCC) took a decision and further 
elaborated at its seventeenth session in Durban to initiate the process of formulating 
National Adaptation Plans (NAP) as a way to facilitate effective planning in least developed 
countries (LDCs) to address climate change issues. The present study is an attempt to 
prepare an adaptation plan for crop agriculture, which is expected to be an integral part of 
such a NAP process as and when it begins. 
The study has followed several steps. First it tries to review the present geophysical, climatic 
and socio-economic context. Second, future climate change in terms of temperature rise and 
precipitation changes have been modeled based on statistical downscaling procedure from 
global scenarios for 2030 (near term) and 2050 (mid-century). This has been dome both for 
the nations as a whole as well as agro-ecological zones of the country after clustering 
original 30 such zones into 11 clustered agro-ecological regions. The policy context for 
adaptation had been analysed to provide an over-all context for adaptation in the country 
followed by the core analysis of the present exercise i.e., identification of a set of adaptation 
technologies. This involved analysing the presently used and other known technologies for 
production of all seasonal rice crops (aus, aman and boro) as well as wheat, potato, maize, 
lentils, and oilseeds. These technologies have been assessed against 3 criteria. These are if 
the technology is capable to produce enough to meet food demand in the country; whether 
the technology is remunerative enough to farmers to induce them to use it and lastly does it 
help in lowering greenhouse gas emission from cultivation of these crops. Every assessed 
technology must pass the tests, at least the first two to be accepted as a potential adaptation 
technology. 
The identification of suitable technology has been followed by an analysis of the possible 
implementation mechanism under three broad heads, viz., the institutional framework at 
present with recommendations for a more adaptation- friendly one for the future, the 
financing mechanism and opportunities for future investment for adaptation, the research 
ix 
needs and knowledge management for the future and finally a programme of action on the 
various identified needs with ball park figures for fund requirements along with institutional 
responsibilities.   
The basic findings of climate modelling indicate that both maximum temperature and 
minimum temperature may increase 0.7°C and 1.7°C annually respectively for both time 
slices under one of the scenario (called RCP 4.5), while an increase of 0.7°C and 2.2°C may 
occur under the other global scenario (RCP 8.5) that has been considered. In case of 
rainfall, 3%-4% change may occur under RCP 4.5 and 4%-6% may occur under RCP 8.5 for 
both time slices annually.  
In parallel to that, socio-economic scenarios in respect to crop agriculture reveals that, 
demand for food particularly non-cereal crops will increase over time while nutrient quality of 
food may go down due to climate change, which make ensuring food security along with 
adequate nutrition as a major concern.  
Future vulnerabilities due to climate related hazards i.e. flood, drought and salinity have 
been understood based on literature review and analysis over clustered agro-ecological 
zones. Present adaptation practices by farmers have also been reviewed which illustrates 
that both planned and autonomous adaptation strategies are being practiced now in different 
parts of the country for adapting to various climate-related hazards. Farmers are applying 
their local indigenous knowledge to adapt to the consequences of climate change.  
A list of several policies, guidelines and plans has been given and discussed. A perusal of 
these policies reveal a few things, most importantly which seems to indicate that while 
farmers are smart enough to begin adaptation, at the systemic and policy and planning level 
much more needs to be done. Available literatures also demonstrate that, food security, 
nutrition and public health, disaster management and farm management are the core issues 
to formulate future adaptation needs. 
The analysis of available technologies indicate that some of the present ones can meet 
current food demand for rice and potato only, but not enough for future food demand (for 
other crops under consideration). Several technologies can satisfy one or two constraints but 
not all, even those which do so such has elements such as laser levelling which are difficult 
to implement. This pursues us to recommend additional technologies which can ensure food 
security, ensure farmers' profit and mitigate GHGs emission.    
All these analyses and other earlier discussion of climate change impacts indicate that one 
needs to create and disseminate new knowledge and also generate requisite data and 
information as well as have plans for skill development for carrying out these works.  
The above analyses and other earlier discussion of climate change impacts indicate that one 
needs to create and disseminate new knowledge and also generate requisite data and 
information as well as have plans for skill development for carrying out these works. Broadly 
a non-exhaustive list may include the following: 
• Development and evaluation of various Climate Smart Technologies (fertiliser and  
water efficient,, bio-fortified varieties, cropping patterns and agronomic practices) in 
different Agro-ecological conditions/stress-prone hotspots and for various crops 
particularly Wheat, Oilseed and Pulses apart from rice 
• Data generation on climate change impact on major crops of Bangladesh though field 
experimentations 
x 
• Creation of a district-wise database on required data for running dynamic crop 
models and socio-economic and Trade-off/ optimization models 
• Identification of appropriate Global/Regional Climate Models and generation of 
representative data for Bangladesh 
• Development of skills for conducting prioritization/optimization experiments   
In this regard, the issues of implementation of the adaptation plan of action may have 
several major elements as indicated earlier. Particularly regarding it may be said that the 
over-all present institutional framework can and should be if necessary restructured or rather 
given new impetus for gearing up its activities in generic terms and more particularly in 
agriculture. In the short term, not much restructuring may be needed but for longer term, 
adaptation preparedness requires new way of thinking and doing things. Recommendation 
has been made to establish an 'Institutional Adaptive Capacity Framework' (IAC) to 
reorganize and to build capacity which can evaluate national institutions' performance of 
several key functions critical to adaptation: assessment which are prioritization, coordination, 
information/ knowledge management, and climate risk management. A properly functioning 
IAC would indicate good performance in the light of these functions as an indication of a 
country's overall adaptive capacity.  
It is also mentioned that much institutional effort needs to be devoted for training the 
extension agents in new technologies, demonstrating the efficacies of these technologies to 
the farmers and carry back from them the problems that may and will arise in practice and 
get solutions from scientists and carry it back to farmers again. The process may be made 
much quicker through the use of IT in various forms, not least the mobile technology. All 
these are within the country's grasp. What is needed is the definitive political will and the 
willingness to try new methods of doing things rather than being in cocoons of the past. 
For financing mechanism, a broad allocation rule not simply for the prioritized technologies 
but in general for the additional activities have been discussed. Normal budgets of the 
Government may be sufficient for additional resources to be made available right away. 
However, more problematic would be the cost of additional research and extension as new 
technologies would be needed in future. While the GCF has only recently started its journey, 
this seems to be the best bet yet for resources for development of technology and extension 
services for them. GCF procedures are however quite rigorous and complex. Yet, it may be 
difficult but not impossible particularly as there is a Nationally Designated Authority (NDA) 
and also accredited implementing agencies although so far save for one no project has yet 
been submitted or approved. The best immediate bet so far seems to be to seek funding 
through multilateral development organization including UN agencies. Possibly FAO and 
UNITAR may be approached for such funding for the types of project that are proposed to be 
necessary in near future. 
Finally, this action plan comprises of 9 programmes with 42 clustered AEZ specific actions 
for short (2016-2030), medium (2031-2050) and long (beyond 2050) term with indicative 
costs and their respective implementation agencies. Note that water management is crucial 
for future adaptation. However, only those programmes which directly affect on-farm water 
use and associated supply issues have been considered here under the proposed 
programme of actions. However, larger water resource development projects also ultimately 
have indirect influence on water availability and use in agriculture. Programmes like 
construction of barrage, dredging of rivers to preserve and divert water in dry season and 
trans-boundary allocation of water issues under the Ministry of Water Resources may 
therefore be also considered as an over-all holistic framework for water availability and use 
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efficiency in future adaptation programmes. All of given programme of actions would require 
around 2,820 million USD to implement. List of programme of actions are as the following: 
• Increase water use efficiency 
• Surface water augmentation 
• Increase fertilizer use efficiency 
• Research and development for Climate Smart Agriculture 
• Crop diversification for resources optimization 
• Socio-economic suitability of climate smart technologies  
• Data and knowledge management  
• Human resources development 
• Strengthen policies and institutions 
As a whole, this actionable plan tries to prioritize adaptation options considering expert 
scrutiny of stakeholders, which basically leads to promoting precision agriculture and 
commercialization of crop agriculture with strong institutional and financial footing to tackle 
climate change.    
Present agriculture action plan may be part of the overall NAP. Ministry of Agriculture (MoA) 
should participate actively to integrate this plan into NAP and coordinate with Ministry of 
Environment and Forests (MoEF). Existing institutional arrangement would be sufficient, but 
procedural challenges should be addressed for future betterment. MoA and Agriculture 
division of Planning Commission should try to access globally available climate fund like 
GCF to implement above programme of actions. 
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 1. Introduction 
1.1 Background 
Bangladesh agriculture has come a long way over the last quarter of a century. Agricultural 
in Bangladesh is influenced by climate and its seasonal characteristics and different climatic 
variables such as temperature, rainfall, humidity, day-length etc. It is also affected by 
climate-influenced natural hazards such as floods, droughts and cyclone and storm surges 
as well as soil and water characteristics including salinity. Recent studies on climate change 
indicate that climate is changing and becoming more uncertain in the coming years in 
Bangladesh and with it the prospects for agriculture in general is also going to be uncertain 
possibly jeopardising food security in the country. Adaptation to these uncertainties thus 
becomes an urgent task for the country. 
At its sixteenth session the Conference of Parties (COP) under the United Nations 
Framework Convention on Climate Change (UNFCCC) took a decision to establish the 
Cancun Adaptation Framework and further decided to  “establish a process to enable least 
developed country Parties to formulate and implement national adaptation plans, building 
upon their experience in preparing and implementing national adaptation programmes of 
action, as a means of identifying medium- and long-term adaptation needs and developing 
and implementing strategies and programmes to address those needs” 
(FCCC/CP/2010/7/Add.1/Decision 1/CP.16/15). The COP further elaborated at its 
seventeenth session in Durban to initiate the process of formulating National Adaptation 
Plan (NAP) as a way to facilitate effective planning in least developed countries (LDCs). The 
NAP is expected to enable the Parties to formulate, identify and implement the type of 
adaptation needs; and accordingly develop strategies and programmes to address those 
needs. It is to be a continuous, progressive and iterative process which follows a country-
driven, gender-sensitive, participatory as well as fully transparent approach, taking into 
consideration vulnerable groups, communities and ecosystems. Adaptation planning for 
agriculture is expected to be an integral part of such a NAP process. 
Agriculture in Bangladesh accounts for around 16% of GDP at present (estimate for 2013-
14), in which crop sub-sector contributes the lion's share of 9 percentage points. The 
importance of crop agriculture, however, is much more strategic than its contribution to GDP.  
Most importantly, it is vital for food security because it supplies rice, the main staple in the 
country. Bangladesh generally produces sufficient rice although it still has to import food 
grains for keeping strategic reserve to manage unanticipated supply shortfalls mainly due to 
natural hazards such as flood or cyclonic storms which are generally linked to climate 
variability and climate change. As agriculture is by and large still dependent on weather and 
climatic events and their variability so climate change is very much likely to disrupt in a major 
way food and agricultural production and create misery and loss of livelihood to a vast 
majority of the population many of whom  are also poor and marginalized.  
For the preparation of a National Adaptation Plan, Bangladesh has currently developed a 
road-map (MoEF, 2014). As the most climate-vulnerable sector, agriculture is likely of course 
to receive major attention in the NAP. Therefore, adaptation in agriculture is not simply a 
collection of programmes and projects to be implemented but a matter of major effort at 
social engineering for such adaptation to succeed in relation to adaptation in other 
competing or supplementing sectors. Furthermore, agriculture is one sector which has in 
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many instances adaptation and mitigation intertwined, sometime in synergy and some time 
in conflict. While an agricultural NAP must be an integral element of the general NAP in a 
country, it must also be somewhat differentiated from the rest due to the above mentioned 
strategic factors. This report describes an action plan for adaptation in Bangladesh 
agriculture under climate change which will help in decision making under climatic 
vulnerabilities. It should be noted here that, this report concentrates only on crop agriculture 
and only on a few major crops. Non-crop agriculture such as fisheries, livestock and forestry 
are excluded for resource constraints at the moment.   
1.2 Rationale 
In Bangladesh agriculture has key contribution to the growth of economy. As an essential 
element in poverty reduction and ensuring adequate nutrition agriculture has to play a vital 
role. And this must be done in a situation where the population continues to grow, albeit at a 
low rate and per capita demand may rise due to income growth. Moreover agriculture also 
has to cope with decline in the availability of per capita agricultural land. All these challenges 
may become even more problematic in the face of global warming and climate change.  
Bangladesh is a tropical country with the Tropic of Cancer running through its middle and 
has a tropical monsoon climate characterized by heavy seasonal rainfall, moderately warm 
temperatures and high humidity. Regional climatic differences in this country are minor. The 
average temperature of the country ranges from 7.20C to 12.80C during winter and 23.90C to 
31.10C during summer (BBS, 2006). In future the average maximum temperature may rise 
by more than 10C by 2030 and just about 1.70C by 2050. Average minimum temperatures 
may rise by 1.30C by 2030 and by 1.90C by 2050. 
The climate of the country is one of the wettest in the world. Average rainfall of the country is 
203 cm (BBS, 2006). Most rainfall (80% of the total) occurs during the monsoon (June-
September). The average relative humidity for the whole year of the country ranges from 
78.1% at Cox's Bazar to 70.5% at Pabna (Banglapedia). March and April are the least humid 
months of the country, lowest relative humidity 57% and June-September is the highest 
humidity months, highest relative humidity over 80% (ibid). In future the patterns of rainfall is 
likely to be unstable over space, season and between years. 
Climatic changes such as an expected upward trend of average temperature along with 
rainfall anomalies, will add on to the existing challenges to agriculture such as lowering of 
ground water table in dry season, lack of surface irrigation source, sea level rise and salinity 
intrusion in surface and ground water. These changes in the physical system of the country 
are expected to directly adversely affect production and structure of crop agriculture. Due to 
this reason adaptation is absolutely vital for crop agriculture. There will be a clear direction 
about the necessary changes in irrigation scheduling, crop calendar and switch to new crop 
variety to adapt to climate change.  Therefore, an action plan is necessary to initiate an 
adaptation process. The action plan will state what changes are necessary in present crop 
production process and what future actions should be undertaken to optimize the production.  
1.3 Objective 
The overall objective of this action plan is to prepare a coherent and implementable 
adaptation plan for crop agriculture in the context of climate change for the future years. 
More specifically the objectives are- 
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• Assessment of the vulnerabilities and consequent impacts due to climate 
change in Bangladesh agriculture.  
• Possible adaptation strategies to cope up with forthcoming/anticipated 
consequences of climate change in the context of agriculture at national AEZ 
specific level. 
• Formulation of adaptation strategies through prioritization using an appropriate  
toolkit.   
• Ideas regarding financing and institutional arrangements to coordinate the 
integrated development activities related to the Action Plan and, to provide 
necessary recommendations for the purpose.  
1.4 Structure of Report 
The present report comprises of 10 chapters. The first chapter covers the study background, 
rationale, objective and structure of the report. 
The second chapter describes the characteristics of Bangladesh Agriculture in the context of 
physiography, soil and climate. Chronological development of Bangladesh agriculture has 
also been summarized in this chapter.  
Future climate change and socio-economic scenario have been articulated in the third 
chapter. Climate trends and projections for Bangladesh and projection of Population and 
GDP have received special attention in this chapter. 
In chapter four, present and future condition of different vulnerabilities (flood, drought, 
salinity) in crop Agriculture has been assessed based on literature review. 
Chapter five describes the present situation of adaptation in Bangladesh agriculture form 
literature review, policy gap analysis, identification of future adaptation needs and possible 
adaptation strategies.  
The sixth chapter mainly focuses on prioritization of adaptation options using input output 
relationships and expert scrutiny by stakeholders, which has been contextualized for 
Bangladesh crop agriculture followed by research and skill development needs for future.  
Implementation strategies for technological options of adaptation in respect to institutional 
arrangement has been discussed in chapter seven. An Institutional Adaptive Capacity 
Framework (IAC) has been recommended in this chapter. 
Chapter eight describes financing mechanism for farmer’s private costs of adopting the 
prioritized technologies as a part of implementation strategies. 
The ninth chapter mainly focused on nine program of actions to implement this action plan 
for adaptation in crop agriculture. 
The final chapter provides a conclusions of the study followed by references and annexure.  
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 2. Characteristics of Bangladesh Agriculture 
2.1 Agro-ecological Context of Bangladesh Agriculture 
2.1.1 General Physiography, Soil and Climate  
Physiography and Soil1 
The reconnaissance soil survey carried out between 1963 and 1975 identified and 
described a total of 483 soil series in Bangladesh. The soil units represented on the Agro-
ecological Regions map are associations of General Soil Types (GST). A group of soils 
which are broadly similar in appearance and characteristics as their development occurred 
under similar environmental factors such as physiography, climate and drainage. Twenty-
one General Soil Types are recognized in the country, which are differentiated into three 
physiographic groups such as floodplain soils, hill soils and terrace soils. In Bangladesh, 
around 80% area comprises floodplain soils, 12% is hilly and the remaining 8% is terrace 
soils. Description of these soils are given below: 
Floodplain Soils 
These soils have formed in alluvial sediments having wide range of ages varying from a few 
months to several thousand years. Their main characteristics are indicated below. 
There is a general pattern of sandy or loamy soils on the, higher parts of floodplain ridges 
grading into clays in adjoining basins. The relative proportions of sandy, loamy and clayey 
soils vary between physiographic units and also between soil associations within 
physiographic units. All except the highland, soils are seasonally inundated, mainly by 
rainwater ponding and by muddy water close to river channels and near hill areas.  
Permeability is moderate or rapid in loamy ridge soils which are not puddled for transplanting 
paddy and also in cracking clays on the Ganges River Floodplain. It is slow in other basin 
clays and in most loamy soils which are puddled for transplanting paddy and which have a 
plough pan. Moisture holding capacity is high in deep silt loams, especially on the Teesta 
Meander Floodplain and in the Old Meghna Estuarine Floodplain (see later). It is moderate 
in most other loamy soils, and is low in sandy ridge soils, basin clays and most soils that are 
puddled for transplanted paddy cultivation. Capillary rise of moisture keeps some basin soils 
and deep silty soils moist during almost entire dry season. 
Organic matter contents of the floodplain soils are generally low in recent alluvium (except 
near the eastern hills) and in most ridge soils. They are moderate (locally high) in basin soils 
and in Black Terai Soils. Top layers of these soils mainly are acidic (when not submerged) 
except in some calcareous Ganges and Lower Meghna Floodplain soils and in recent 
alluvium. Subsurface layers mainly are between slightly acid and slightly alkaline; they are 
more acidic in some piedmont and basin soils, and are moderately alkaline in calcareous 
layers of soils formed in Ganges alluvium. During the dry season the coastal parts of tidal 
and estuarine floodplains become saline to varying degrees. Some patches of toxic Acid 
Sulphate Soils also occur in the south western and south eastern coasts. 
Most soils either are naturally fertile or have the capacity to respond satisfactorily to normal 
applications of fertilizers/manures. The agricultural potential of floodplain soils is determined 
as much by hydrology - depth and duration of seasonal inundation and risk of flood damage. 
1 The information in this section draws largely from FAO/UNDP (1988). 
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Availability of water for irrigation has become increasingly important in determining cropping 
patterns, productivity and potential in recent years. 
Terrace Soils 
Terrace soils comprise a wide range of soils formed over the Madhupur Clay. Soil 
differences are due to differences in drainage and degree of weathering. The main 
characteristics are narrated below. 
Shallow soils have grey, impervious, Madhupur Clay within 60 cm from the surface. Deep 
soils are underlain by red-mottled, pervious clay to a depth of several metres. These soils 
are generally well to moderately well drained occurring extensively on the Madhupur Tract 
and locally in the north-east of the Barind Tract include both deep and shallow soils. They 
are strongly acidic and have low organic matter contents and moisture-holding capacities. 
However, poorly drained soils occur extensively in the Barind Tract and locally on the 
Madhupur Tract. Deep and shallow soils occur, both have grey, silty, upper layers grading 
into clayey lower layers, and most have a strongly puddled topsoil and a ploughpan. Organic 
matter contents generally are very low. Most soils are strongly acid, but shallow soils are 
less acidic in the Madhupur Clay substratum and some contain lime nodules having low 
moisture-holding capacity. 
Valley soils within terrace areas range from deep, grey silts in shallow valleys to dark grey, 
very strongly acidic, heavy clays in broader, deep valleys. 
Fertility of these soils are generally low. The agricultural potential of deep red soils, deep and 
shallow grey soils, and most valley soils is moderate; irrigation and adequate fertilizer are 
the main requirements. Shallow red and brown soils have a low potential for both agriculture 
and forestry. 
Hill Soils 
These soils include a wide range of soils formed over consolidated and unconsolidated 
sandstones, siltstones and shales which underlie the Northern and Eastern Hills. They have 
the following characteristics. 
Most hill soils are deep, excessively or well drained, strong brown or yellow-brown, friable, 
sandy loams to clay loams. Shallow soils over hard rock occur locally. Steep or very steep 
slopes predominate. Some low hills have level to gently rolling summits. Permeability of 
these soils is generally rapid and moisture-holding capacity is low. Organic matter contents 
are moderate or high under old forest or tree crops and low in soils that have been 
repeatedly used for shifting cultivation (Jhum). Almost all soils are strongly to extremely acid, 
and have a low nutrient-holding capacity. 
Agricultural potential is severely limited by the prevalent steep slopes, heavy monsoon 
rainfall and the associated erosion hazard. Most soils and slopes are unsuitable for bench 
terracing. Forestry and tree crop production are the most appropriate forms of land use. 
Climate 
Bangladesh being at the outlet of the Ganges-Brahmaputra-Meghna (GBM) basin has a sub-
tropical monsoon climate characterized by wide seasonal variations in rainfall, temperatures, 
and humidity. The climate of Bangladesh is generally sub-tropical in the north to hot humid in 
the south. The country has three distinct seasons: the pre-monsoon hot season from March 
through May (pre-kharif), rainy monsoon season (kharif) which lasts from June through 
October, and a cool dry winter season (rabi) from November through February. Besides, 
March may be considered as the spring season, and the period from mid-October to mid-
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November may be called the autumn. The southwest summer monsoon is the dominating 
hydrologic driver in the GBM basin. 
During summer, the Asian continent develops low pressure as a consequence of heating 
and the air flows from the Indian Ocean to continental inland. This is known as the southwest 
monsoon, which controls Bangladesh climate. Moisture-laden air from the ocean moves 
inland where it rises over the terrain and produces extremely heavy rainfall. Apart from 
monsoon, the easterly trade winds are also active, providing warm and relatively drier 
circulation.  
During the winter, the continent of Asia gets extremely cold and the Siberian high pressure 
develops and the air flow reverses. The northeast monsoon coming from the Siberian High is 
dry and cold. It is a massive collection of cold to very cold dry air that accumulates on the 
north-eastern part of Eurasian terrain. It conserves its inherent chilliness as it blows over 
Bangladesh. The effects of continental air are felt even in the estuarine and coastal areas 
along the Bay of Bengal. However the coldness in the coastal region is slightly reduced due 
to the presence of large water bodies. 
Temperature 
The temperatures in Bangladesh are high in April and May, which decrease slightly during 
the monsoon and rise slightly in September or October when the rain begins to lower it. 
Mean daily maximum and minimum temperatures, recorded over the period 1984-2013, 
ranges from 34 to 38 and 10-15°C, respectively. During this period, incidence of maximum 
temperature ≥40° C was recorded in Rajshahi, Ishurdi and Jessore respectively 141, 95 and 
62 times. The highest temperature of 44.0°C was recorded on 21 April 1989 in Bogra. Over 
the same years the highest number of days with minimum temperature ≤5°C was recorded 
in Ishurdi, Sreemangal and Dinajpur in 19, 14 and 9 times respectively in the month of 
January. The lowest temperature recorded was 3.0°C on January 10, 2013 at Sayedpur. 
Winter in Bangladesh is the coolest during November to February, when the average 
minimum and maximum daily temperatures are about 9.7°C and 26.6°C, respectively. 
Rainfall 
Rain generally starts in March-April and ends in October. The average rainfall is 1,500 mm 
per year in drier regions to 5,000 mm per year in wetter regions. Southwest monsoon 
influences the climate during June to October, and during the winter the climate is controlled 
by the northeast monsoon from November to March. More than 80% of the rainfall occurs 
during July to September.  The north-western part is the drier region while the north-eastern 
part is the wetter region of the country. The coastal region receives a total annual rainfall 
ranging from a little over 1700 mm in the southwest to 3200 mm in the southeast.  
2.1.2 Agro-ecological Zones of Bangladesh 
A reconnaissance soil survey, carried out between 1963 and 1975, provided comprehensive 
information on soil, seasonal inundation and land use and interpretation in terms of land 
capability and crop suitability. Although, the land area of Bangladesh is rather small, it shows 
large variability with respect to soils, inundation regime and climate. During the period 1980 
to 1987, a computerized land resources database system for various Agro-ecological Zones 
(AEZ) reflecting these differences was developed. The agro-ecological regions of 
Bangladesh are defined by adding successive layers of information in relation to the 
physiography and environment which are relevant for land use and for the assessment of 
agricultural potential (FAO, 1988). Thirty agro-ecological regions have been recognized in 
the country based on the following layers of information: 
• Physiography (landforms and soil parent material). 
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• Soils 
• Depth and duration of seasonal flooding. 
• Length of rainfed kharif (wet season) and rabi (winter or dry season) growing 
periods. 
• Length of pre-kharif period of unreliable rainfall. 
• Length of cool winter period. (<15° C), and 
• Frequency of occurrence of extremely high (>40° C) summer temperatures. 
Thirty Agro-Ecological Zones in Bangladesh (Map A-2.1) have been defined. These 30 AEZ 
are sub divided into 88 agro-ecological sub regions. Again these are divided into 64 agro-
ecological units. The 30 AEZs of Bangladesh are given in Annex I  
The different agro-ecological regions of the country are constrained by different types of 
limitations for agricultural use. These include floods, drought, soil salinity, water logging, 
storm surge, etc. So agricultural land use of the country is somewhat determined by the 
characteristics of the agro-ecological zones.  
2.1.3 Cluster Definition using AEZ Database 
While the country has 30 AEZs, not all are very clearly distinguishable from each other. So 
to reduce the complexity, clustering of the AEZs may be done based on the similarities with 
respect to:  
• dominant physiography, 
• agricultural land use, and 
• relative size of the zones 
Keeping these characteristics in view the 30 AEZs have been reclassified into eleven 
ecological-zones or AEZ clusters. The merger of two or more AEZs definitely truncates the 
individual characteristics of the AEZ. Table 2.1 provides the clustering approach for creating 
new regions or zones while Map 2.1 shows the map of clustered AEZs. 
Table 2.1: Clustered AE Zones of Bangladesh 
Clustered AE Zones AEZ of Bangladesh Number and Name Area (km2) 
Barind Tract 
25. Level Barind Tract  
26. High Barind Tract  
27. North Eastern Barind Tract 
7561 
Beel and Basin Agro-Ecology 
5. Lower Atrai Basin  
14. Gopalganj-Khulna Bils 
15. Arialbil 
21. Sylhet Basin 
7394 
Brahmaputra Floodplain 
8. Young Brahmaputra and Jamuna 
Floodplain  
9. Old Brahmaputra Floodplain 
12599 
Char Land 
2. Active Teesta Floodplain  
7. Active Brahmaputra-Jamuna 
Floodplain  
10. Active Ganges Floodplain 
2892 
8 
Characteristics of Bangladesh Agriculture 
 
Clustered AE Zones AEZ of Bangladesh Number and Name Area (km2) 
Ganges Floodplain 
11. High Ganges River Floodplain  
12. Low Ganges River Floodplain 20555 
Hill Agro-Ecology 29.   Northern and Eastern Hills  
30. Akhaura Terrace 
13711 
Madhupur tract 28. Madhupur Tract 4050 
Meghna-Surma Floodplain 
16. Middle Meghna River Floodplain  
17. Lower Meghna River Floodplain  
18. Young Meghna Estuarine Floodplain  
19. Old Meghna Estuarine Floodplain  
20. Eastern Surma-Kushiyara Floodplain 
18713 
Piedmont Plain 
1. Old Himalayan Piedmont Plain  
22. Northern and Eastern Piedmont 
Plains 
7899 
Tidal Floodplain 13. Ganges Tidal Floodplain  23. Chittagong Coastal Plains 16646 
Teesta-Karatoya Floodplain 
3. Teesta Meander Floodplain  
4. Karatoya-Bangali Floodplain  
6. Lower Punarbhaba Floodplain 
11882 
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Map 2.1: Clustered Agro-ecological Zones of Bangladesh 
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Major Crops and Cropping Pattern  
Bangladesh’s climate, is favourable for the cultivation of a wide range of tropical and 
temperate crops.  Rice, the staple food of Bangladeshis, is grown all year round and is 
followed by wheat, potato, sugarcane and many other crops like jute, mustard, pulses, 
including a variety of vegetables.  The current cropping intensity of the country is around 
190. 
Cropping patterns of Bangladesh are predominantly rice based. There are three distinct 
growing seasons namely `aus' (March/April to June/July), `aman’ (June/July to 
November/December), and `boro' (December/January to April/May).  During 2012-2013 
33.001 Mt of rice was produced in 11.421 Mha. Rice was grown on 76% of the total cropped 
area, while aus, aman and boro rice cover 13%, 71%, and 60% of the net cropped area 
respectively. Most of the output came from irrigated boro, HYV and Hybrid rice. About 67% 
of the total irrigated area is covered by Boro rice. Transplanted aman is the most important 
crop grown in high to medium high land during the kharif season, while broadcast aman is 
mostly grown in the low-lying areas of the south and northeast.  
Next to rice, wheat is the most important cereal crop in Bangladesh. It is grown mainly in the 
drier parts of the north and is cultivated only as a winter crop. The area of wheat is 0.417 
Mha with total production of 1.255 Mt. It is the third most important cereal crop in respect of 
edibility and area coverage in Bangladesh, after rice and wheat. It is a crop of tropical and 
sub-tropical regions. In Bangladesh, it can be cultivated in winter as rabi crop and in early 
summer seasons as Kharif-I crop. Maize cultivation is increasing over the years. The area of 
maize is 0.224 Mha with total production of 1.485 Mt.  
The fourth important crop is potato grown widely as a winter vegetable. It is the most 
important crop in Munshiganj, Comilla, Rajshahi, Rangpur, Dinajpur, Bogra, Joypurhat and 
Nilphamari districts. It is grown on 0.44 Mha of land to produce 8.60 Mt. Bangladesh ranks 
second among the jute growing countries. Jute, a major cash crop, accounts for about 6% of 
export earnings. The crop is a versatile and environmental friendly bio-degradable natural 
fiber. Its cultivation is confined mainly to the low-lying areas of the Brahmaputra-Jamuna and 
Ganges floodplains. Currently, the area of jute cultivation is 0.681 Mha. The present 
production is about 7.611 Mt.  
Mustard including rapeseed (Brassica campestris/ Brassica juncea) is the main edible oil 
crop grown in Bangladesh. It is also grown mainly in the low-lying areas of Brahmaputra-
Jamuna and Meghna floodplains. Besides, two important pulses are also grown in 
Bangladesh, which are lentil (Lens esculanta) and khesari (Lathyrussativus). Lentil is mainly 
grown in the Gangetic delta while khesari is a well-scattered crop in the char lands and 
usually sandy islands in the riverbed. 
The cultivation of crops and their patterns are somewhat AEZ specific. These are shown in 
Table 2.2. 
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Table 2.2: Major cropping patterns by land types and agro-ecological regions 
Agro-ecological 
Region Dominant land type Cropping Pattern 
Barind Tract 
Medium Highland Boro - Fallow - T. Aman 
Highland 
Boro - Fallow - T. Aman 
Fallow - Fallow - T. Aman 
Fallow - B. Aus - T. Aman 
Pulses - B. Aus - Fallow 
Beel and Basin Agro-
ecology 
Lowland Boro - Fallow -Fallow 
Medium Lowland Boro - Fallow - Fallow 
Brahmaputra 
Floodplain Medium Highland 
Potato - T. Aus - Fallow 
Blackgram/Boro - T. Aus - Fallow 
Boro - Fallow - T. Aman 
Char land Medium Lowland 
Boro - Fallow -Fallow 
Wheat - T. Aus - T. Aman 
Blackgram/Wheat - B. Aus - Fallow 
Ganges Floodplain 
Highland 
Wheat - T. Aus - T. Aman 
Pulses (Lentil/Lathyrus)- B. Aus - T. Aman 
Wheat - B. Aus (L) - Fallow Mustard/Pulses  
Jute/B. Aus (L) - Fallow 
Sugarcane 
Medium Highland 
 
Wheat - T. Aus - Fallow 
Wheat   B. aus(L)   T. Aman(L) 
Lathyrus - B. Aus and T. Aman 
Mustard/Wheat - Jute - T. Aman 
Mustard - B. Aus Jute 
Hill Agro-ecology Highland 
Vegetables - T. Aus - T. Aman 
Jhum 
Fallow - B. Aus/Mesta - Fallow 
Madhupur Tract 
Highland 
Mustard - B. Aus (L) - Fallow 
Pulses - Jute - Fallow 
Medium Highland Boro - Fallow - T. Aman 
Meghna-Surma 
Floodplain 
Medium Highland 
Boro - T. Aus - T. Aman 
Boro - Fallow - T. - Aman (LIV) 
Medium Lowland 
Boro (Local) - Fallow - Fallow 
Boro - Fallow - T. Aman 
Lowland Boro - T.Aus (LIV) - T. Aman 
Piedmont Plain 
Highland Wheat - T. Aus - Fallow 
Medium Highland Wheat - T. Aus - T. Aman 
Tidal Floodplain 
Medium Highland Onion/Water Melon/Mungbean/ Cowpea/Chilli -  Fallow                
Medium Highland Fallow - T. Aus - T. Aman 
Teesta-Karatoya 
Floodplain 
Highland Wheat - T. Aus - Fallow 
Medium Highland 
Wheat - T. Aus - T. Aman 
Wheat - B. Aus - T. Aman 
Lowland Boro - Fallow -Fallow 
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Crop yields  
The yields of the crops are shown in Table 2.3. The table also shows the potential yields in 
research stations. These indicate large gaps between the potential and actual yields. Over 
time, progress has been made to narrow down the difference between national average 
yields and research station yields or potential yields of various crops. However, yield gap still 
remains a matter of major concern.  
Table 2.3: Status of cultivated area, production, national average yield, and potential 
yield of major crops of Bangladesh 
Crops Area (Mha) 
Production 
(Mt) 
National Average 
Yield (Kg/Ha) 
Yield Potential 
(Kg/Ha) 
Rice Total 11.421 34.001 - - 
Aus 1.051 2.326 3279* (2213) 4500 
Aman 5.610 12.897 3406* (2300) 5500 
Boro 4.760 18.778 5844* (3945) 6000 
Wheat 0.417 1.255 3013 5000 
Maize 0.224 1.485 6624 10000 
Pulses 0.283 0.242 855 - 
Lentil - - 850 2200 
Khesari - - 900 2500 
Potato 0.444 8.603 19370 25000-30000 
Oilseed 0.385 0.763 - - 
Mustard   1981 2200 
Jute 0.681 7.611 2000 4000-5000 
* Figures in parenthesis are rice yields as paddy and production and yield are expressed in terms of clean rice. 
(Source: BBS. 2015. Yearbook of Agricultural Statistics- 2013, 25th Series Bangladesh Bureau of Statistics, 
Statistics and Informatics Division (SID) Ministry of Planning, Government of the People’s Republic of 
Bangladesh.) 
2.1.4 Development of Bangladesh Agriculture  
Bangladesh agriculture has emerged a long way over the last quarter of a century. Over the 
years, agriculture has remained a dominant sectors contributing to economy (through its role 
in food security and employment), though that to GDP has fallen substantially in recent years. 
Of course the total output size has increased in absolute terms. Its structure has also 
changed substantially due to technological advancement and economic imperatives. It has 
become more energy intensive and market oriented. It has been credited a lot for ensuring 
food security and employment of lion portion of labors (almost 50%).   
It can be seen from overall situation of Bangladesh agriculture that, the share of agriculture 
in total GDP was more or less 60% in the early nineteen seventies and it went down to 48% 
by early nineteen eighties. By the turn of century it had been fallen to 24% or so. In recent 
years it has come down to slightly above 16%, where crop sub-sector is contributing 9 
percentage point of that. Over the last one decade or so, agriculture as a whole has grown at 
less than 4.5% per annum on average while the over-all GDP has grown at 6.1% (Table 2.5).  
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Table 2.4: GDP, Agriculture and Its Sub-sectors (Bn Taka at 2005/06 prices) 
Year GDP  Agriculture Crops Livestock Forestry Fishery 
2005/06 4823.37  
869.85 
(18.0%) 
507.75 
(10.5%) 
108.91 
(2.3%) 
85.05 
(1.8%) 
168.14 
(3.5%) 
2006/07 5163.83 928.07 (18.0%) 
543.29 
(10.5%) 
111.08 
(2.2%) 
89.73 
(1.7%) 
183.97 
(3.6%) 
2007/08 5474.37 969.77 (17.7%) 
564.94 
(10.3%) 
113.53 
(2.1%) 
94.45 
(1.7%) 
196.85 
(3.6%) 
2008/09 5750.56 1003.39 (17.4%) 
580.94 
(10.1%) 
116.2 
(2.0%) 
99.68 
(1.7%) 
206.57 
(3.6%) 
2009/10 6070.97 1065.11 (17.5%) 
624.92 
(10.3%) 
119.12 
(2.0%) 
105 
(1.7%) 
216.07 
(3.6%) 
2010/11 6463.42 1112.57 (17.2%) 
649.01 
(10.0%) 
122.21 
(1.9%) 
110.84 
(1.7%) 
230.51 
(3.6%) 
2011/12 6884.93 1146.12 (16.6%) 
660.39 
(9.6%) 
125.49 
(1.8%) 
117.45 
(1.7%) 
242.79 
(3.5%) 
2012/13 7298.96 1174.37 (16.1%) 
664.27 
(9.1%) 
128.93 
(1.8%) 
123.37 
(1.7%) 
257.8 
(3.5%) 
2013/14* 7745.39 1213.65 (15.7%) 
676.93 
(8.7%) 
132.58 
(1.7%) 
129.6 
(1.7%) 
274.54 
(1.7%) 
Source: Ministry of Finance, Bangladesh Economic Review 2015 
Note: *: provisional estimate 
Table 2.5: Rates of Growth (%) of Sectors and Sub-sectors (2005-06-2013-14) 
Sector/sub sector Rate of growth (%)  
Agriculture 4.3 
Crops 3.7 
Livestock 2.5 
Forestry 5.4 
Fisheries 6.3 
GDP  6.1 
Source: Estimated based on Table 2.4. 
Employment-wise, however, the falls has been much more modest and agriculture still 
accounts for more or less one-half of the total employed labour force. Also despite such fall 
in relative importance in GDP, domestic production of food and more particularly of rice, the 
main staple has increased from nearly 12 Mt (of husked paddy) in late 1970s to almost three 
times to 34-35 Mt by now. And this has happened despite the over-all fall in arable land 
under cultivation. At least in terms of availability of rice from domestic production, 
Bangladesh farmers have managed to by and large feed the population which has more than 
doubled from 75 million during liberation to more than 160 million at present. 
The record of growth appears to be not insubstantial. Based on official estimates of value 
added by sector and sub-sectors, agriculture as a whole had been rising at an annual rate of 
just above 4% over 2005/06 – 2013/14. Among the sub-sectors fisheries had grown at the 
highest rate of 6.3% followed by forestry at 5.4%. Crops GDP had grown at the rate of 3.7% 
while livestock grew at the slowest rate of only 2.5%.  On the other hand these rates appear 
to be a little higher than what had been achieved earlier over a preceding period, say 
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1997/98 to 2007/08. For example agriculture grew at a rate of 3.4% and crops at 3.1% 
during that period. 
2.1.5 Organisation of Production: Preeminence of Marginal and Small Farms 
Agriculture, particularly crop agriculture in Bangladesh is dominated by marginal and small 
farms. (Table 2.6). Over time their preponderance had also been increasing that means over 
time the farms sizes had been getting smaller. In 1993/94, the operated area per farm 
holding had been 2.26 acres. It fell to 1.69 acres by 1996 and then further by 2008 to just 
below 1.5 acres.  On the other hand, small farmers operated in 2008 just 50% of land while 
large farmers operated more than 11% of all land. Medium sized farms operated nearly 40% 
of all land. 
Table 2.6: Farm Size Distribution (in Percentage) of Bangladesh  
Farm Type Year 
1983-84 1996 2008 
Total Farm Holding  72.7 66.18 58.66 
Small Farm (0.05-2.49 acres)  70.34 79.87 84.27 
Marginal Farm (2.50-7.49 acres) 24.72 17.61 14.19 
Large Farm (7.50 acres and above) 4.94 2.52 1.54 
Source: Statistical Year Book of Bangladesh, 2014  
Note: First row shows farm holdings as percent of all holdings. Rest of the rows show respective size class 
numbers as percent of total farm holdings.  
Most farms tend only wholly owned land while pure tenants operating only other people's 
land is extremely rare only 1% or so. However while those farming both owned and leased in 
land comprise around 38% of farms they operate nearly 44% of land. That is their size is in 
general larger than either owner operators or pure tenants.  
Table 2.7: Tenurial Distribution of Farm and Farm Area, 2008 
Indicators 
Owner 
holding 
no. 
Operated 
area of 
owner 
holdings 
(acres)  
Owner-cum 
tenant 
holdings 
(no) 
Operated area 
of owner-cum 
tenant 
holdings 
(acre) 
Tenant 
Holdings 
(no) 
Operated 
area of 
Tenant 
Holdings 
(acres) 
Value 9321047 12855724 5889418 10137863 155733 126740 
Percent  of 
corresponding Total  60.66 55.6 38.33 43.85 1.01 0.55 
Source: Census of Bangladesh Agriculture, 2008 
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 3. Climate Change and Socio-economic Scenarios 
3.1 Climate Change Scenario 
Bangladesh is one of the countries most vulnerable  to climate change. Temperatures are 
projected to rise implying  higher crop evapo-transpiration and in many cases, reduced 
yields. Sea level rise will reduce arable land supply and increase storm surges and saline 
intrusion in coastal areas. Increased surface water inflows and greater monsoonal 
precipitation will increase flooding while in particular years and seasons, drought is also a 
major possibility. Impacts on agriculture will be determined by the availability of agricultural 
land, how precipitation and the potential to increase irrigation may compensate for increased 
evapo-transpiration and the fertilization effect of higher concentration of carbon dioxide in 
atmosphere.  
IPCC describes future climates for four main emission scenarios in the Fourth Assessment 
Report (IPCC, 2007) whereas in the Fifth Assessment Report it has been projected for four 
RCPs (RCP 2.6, RCP4.5,  RCP6 and RCP 8.5) (IPCC, 2013). We first look up these trends 
and projections before moving on to the Bangladesh situation.2 
3.1.1 Global Climate Trend and Projections 
According to IPCC (2007) global mean surface temperature has risen by 0.74°C ±0.18°C 
when estimated by a linear trend over the last 100 years (1906–2005). The rate of warming 
over the last 50 years is almost double that over the last 100 years (0.13°C ± 0.03°C vs. 
0.07°C ± 0.02°C per decade).In AR4, IPCC has already derived that global mean 
temperatures averaged over land and ocean surfaces, from three different estimates, each 
of which has been independently adjusted for various homogeneity issues, are consistent 
within uncertainty estimates over the period 1901 to 2005 and show similar rates of increase 
in recent decades. The trend is not linear, and the difference in warming  between the first 
50 years of instrumental record (1850–1899) and the last 5 years (2001–2005) is 0.76°C ± 
0.19°C. 
In the Fifth Assessment Report of IPCC, the globally averaged combined land and ocean 
surface temperature  as calculated by a linear trend, show a warming of 0.85 [0.65 to 
1.06] °C, over the period 1880 to 2012. Based on the single longest dataset available the 
total increase between the average of the 1850–1900 period and the 2003–2012 period is 
0.78 [0.72 to 0.85]°C,. For the longest period when calculation of regional trends is 
sufficiently complete (1901 to 2012), almost the entire globe has experienced surface 
warming. Despite a robust estimate of multi-decadal warming, global mean surface 
temperature exhibits substantial decadal and inter-annual variability. 
In AR4, IPCC had derived that for the  two decades following it, a warming of about 0.2°C 
per decade is projected for a range of SRES emission scenarios. Even if the concentrations 
of all greenhouse gases and aerosols had been kept constant at year 2000 levels, a further 
warming of about 0.1°C per decade would be expected. The best estimates and likely 
ranges for global average surface air warming for six SRES emissions marker scenarios are 
concurrently projected by IPCC as shown in Table 3.1. 
2 Because of the differences in necessary details, this discussion draws upon both AR4 and AR5. 
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Table 3.1: Projected global average surface warming (OC) for different emission 
scenarios at the end of the 21st century (IPCC, 2007) 
Case 
Temperature Change 
(°C over 2090-2099 relative to 1980-1999)* 
Constant Year 2000 concentrations** 
Best Estimate Likely Range 
0.6              0.3-0.9 
B1 scenario 1.8 1.1-2.9 
A1T scenario 2.4 1.4-3.8 
B2 scenario 2.4 1.4-2.8 
A1B scenario 2.8 1.7-4.4 
A2 scenario 3.4 2.0-5.4 
A1FI scenario 4 2.4-6.4 
In AR5, IPCC had derived that global warming for selected time slices for different RCPs. 
For 2046-2065 mean temperature rise ranges from 1.0 to 1.4OC whereas it ranges from 1.0 
to 3.7OC for the period 2081-2100 (Table 3.2). 
Table 3.2: Projected global mean surface warming (OC) for different RCPs (IPCC, 2013) 
Scenario 2046-2065 2081-2100 Mean Likely range Mean Likely range 
RCP2.6 1.0 0.4 to 1.6 1.0 0.3 to 1.7 
RCP4.5 1.4 0.9 to 2.0 1.8 1.1 to 2.6 
RCP6.0 1.3 0.8 to 1.8 2.2 1.4 to 3.1 
RCP8.5 2.0 1.4 to 2.6 3.7 2.6 to 4.8 
3.1.2 Regional Climate Trend and Projections 
According to the IPCC (2007), a significant acceleration of warming was observed in the 
20th century in South Asia. Warming is stronger over South Asia and East Asia and greatest 
in the continental interior of Asia (Central, West and North Asia). Projected warming is 
greater than the global mean for South Asia (3.3°C). The IPCC observed that temperatures 
are increasing in every sub-region of Asia. Consequently, extreme weather events in Asia 
were reported to increase in the intensity and/or frequency on regional scales throughout the 
20th century. 
Projected climate change for South Asia represents an increase over present climatic 
variability. According to Boko et al. (2007), changes to sea surface temperatures (SST), 
atmospheric circulation and land use patterns, the temperature rise over South Asia is 
projected to be 3-5°C by 2090-2099.  However, according to IPCC (2007), under different 
SRES scenarios the rate of change in temperature may be 1.1-6.4⁰C in South Asian region 
by 2100. Within South Asia, GCMs driven by the SRES scenarios indicate 25% increased 
precipitation during monsoon and a 15% decrease in rainfall during the winter months by 
2100.  
Historical records show increasing trend for temperature in Bangladesh. In contrast, a 
gradual increase over the first three decades followed by a decrease during a period of 
1980-2009 has been found in case of rainfall.  However, it is predicted that temperature will 
increase 1.6°C by 2050s while precipitation will increase by 8% (PKSF, 2012).  
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Table 3.3: Summary of key observed past and present climate trends and variability 
Region Country Change in Temperature Change in Precipitation 
South 
Asia 
Bangladesh An increasing trend of about 1oC 
in May and 0.5°C in November 
during the 14 year period from 
1985 to 1998 
Decadal rain anomalies above long 
term averages since 1960s 
 India 0.68oC per century, increasing 
trends in annual mean 
temperature, warming more 
pronounced during post 
monsoon and winter 
Increase in extreme rains in north west 
during summer monsoon in recent 
decades, lower number of rainy days 
along east coast 
 Nepal 0.09oC per year in Himalayas 
and 0.04oC in Terai region, more 
in winter 
No distinct long term trend in 
precipitation record for 1948 to 1994 
 Pakistan 0.6 to 1oC rise in mean 
temperature in coastal areas 
since early 1900s  
10 to 15% decrease in coastal belt and 
hyper arid plains, increase in summer 
and winter precipitation  over the last 
40 years in northern Pakistan 
 Sri Lanka 0.016oC per year between 1961 
to 90 over entire century, 2°C 
increase per year in central 
highland 
Increased trend in February and 
decreased trend in June 
Source: IPCC, 2007 
3.1.3 Climate Trend and Projection for Bangladesh 
In this section historical climatic trends are taken from a recent study of CEGIS under a 
project on ‘Development of National and Sub-National Climate Change Model for Long Term 
Water Resources Assessment’. Trend analysis has been analyzed there using BMD data. 
Climate Change Trend in Bangladesh 
It is observed that most of the stations show increasing trend in average temperature (Table 
A-3.1). All the stations of north east, north west, south west and eastern hills regions show  
rising trend in annual average temperature. On the other hand, south central and south east 
regions show falling  trend in annual average temperatures. The maximum rising  trends are 
observed  in Kutubdia and Saydpur stations. It is seen from the Table A-3.1  (Annex VI) that 
the annual average temperatures is rising at about 2.50C per century for Kutubdia and 2.40C 
for Saydpur. 
The change in total rainfall of the selected stations are given in Table A 3.2 for the pre-
monsoon (March-May), monsoon (June-August), post-monsoon (September-November) and 
dry (December-February) seasons. It is seen from the table that pre-monsoon, and post-
monsoon rainfall show increasing trend for all the selected stations. The maximum 
increasing trend of 389 mm per century in pre-monsoon rainfall is observed for Maijdee 
station. For Hatiya station, the monsoon and post-monsoon rainfall show maximum trend of 
825 mm and 366 mm per century respectively. Decreasing trend is observed only during 
monsoon for Sylhet at 190 mm and dry season rainfall for Barisal station of 9 mm per 
century. Aggregate rainfall shows an increasing trend for most part of the country in all 
seasons. 
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Climate Change Projection for Bangladesh 
Statistical downscaling has been performed in this study to estimate  the climate change 
projection of maximum temperature, minimum temperature and rainfall. Downscaling has 
been performed for 31 meteorological stations of Bangladesh Meteorological Department 
(BMD). Delta method has been used to downscale all three parameters on the basis of 
ensemble data of 5 GCMs i.e. CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5 and MPI-
ESM-MR. Downscaling has been conducted for two different time slices e.g. near term 
(2010-2039) and mid-century (2040-2069) under two climate scenarios RCP 4.5 and RCP 
8.5.   
The outputs of the downscaling were analyzed to find out seasonal rainfall and temperature 
over Bangladesh. Comparison has been made to quantify the changes in future from base 
condition (1981-2000).  A description of future temperature and rainfall for each clustered 
Agro-ecological regions is given below. 
Maximum Temperature 
Map A-3.1-3.4 and Map A-3.9-3.12 show the spatial distribution of maximum temperature 
over the clustered agro-ecological zones for different seasons. Changes in seasonal 
maximum temperature are shown in Table 3.4.  
It is found from the Table 3.4 that the highest increase in maximum temperature may occur 
in Hill-agro ecology and Madhupur tract regions for near term (2030) and mid-century (2050) 
respectively under RCP 4.5. For RCP 8.5, the highest increase may occur in the same 
regions for near term, but in Ganges floodplain for mid-century. Relatively higher 
temperature change has been observed in mid-century than near term for both scenarios.    
Table 3.4: Seasonal maximum temperature change (oC) for different agro-ecological 
zones in Bangladesh for near term and mid-century 
Change in Maximum Temperature (⁰C)  
Clustered AEZ 
RCP 4.5 RCP 8.5 
Near Term Mid Century Near Term Mid Century 
DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON 
Barind Tract 0.7 0.6 0.6 0.7 2.0 1.7 1.5 1.8 0.7 0.7 0.6 0.7 2.5 2.2 2.0 2.4 
Brahmaputra floodplain 0.7 0.7 0.6 0.7 2.0 1.8 1.5 1.8 0.7 0.7 0.6 0.6 2.5 2.2 2.0 2.4 
Ganges Floodplain 0.7 0.8 0.5 0.6 2.1 1.9 1.5 1.7 0.7 0.8 0.5 0.6 2.6 2.3 2.0 2.3 
Hill  Agro-ecology 0.7 1.1 0.6 0.5 1.9 1.8 1.4 1.7 0.7 1.0 0.6 0.6 2.3 2.3 1.9 2.2 
Madhupur Tract 0.7 0.8 0.6 0.5 2.1 1.9 1.5 1.7 0.7 0.8 0.6 0.5 2.5 2.3 2.0 2.2 
Meghna-Surma Floodplain 0.7 0.9 0.6 0.5 1.9 1.8 1.4 1.7 0.6 0.9 0.6 0.5 2.3 2.2 1.8 2.1 
Piedmont Plain 0.6 0.8 0.6 0.7 2.0 1.8 1.4 1.9 0.6 0.8 0.6 0.7 2.3 2.2 1.8 2.3 
Teesta-karatoya Floodplain 0.7 0.7 0.5 0.7 2.0 1.7 1.4 1.8 0.8 0.8 0.6 0.7 2.5 2.1 1.9 2.3 
Tidal Floodplain 0.7 0.8 0.6 0.5 1.8 1.6 1.3 1.6 0.7 0.8 0.6 0.6 2.2 2.0 1.8 2.1 
Minimum Temperature 
The minimum temperature is normally the lowest during winter season in December to 
February (DJF). The spatial distribution of minimum temperature over Bangladesh is shown 
in Map A-3.5-3.8 and Map A-3.13-3.16. Change in seasonal minimum temperature is shown 
in Table 3.5.  
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Table 3.5: Seasonal minimum temperature change (oC) for different agro-ecological 
zones in Bangladesh for near term and mid-century 
Change of Minimum Temperature (⁰C) 
Clustered AEZ 
RCP 4.5 RCP 8.5 
Near Term Mid Century Near Term Mid Century 
DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON 
Barind Tract 0.7 0.6 0.7 1.0 1.6 1.4 1.3 1.7 0.7 0.8 0.7 1.1 2.6 2.3 2.0 2.7 
Brahmaputra floodplain 0.7 0.7 0.6 0.9 1.6 1.7 1.3 1.6 0.8 0.9 0.7 1.0 2.5 2.4 2.0 2.6 
Ganges Floodplain 0.7 0.8 0.6 0.8 1.7 1.7 1.3 1.6 0.8 1.0 0.7 1.0 2.6 2.4 1.9 2.6 
Hill  Agro-ecology 0.8 0.9 0.8 0.8 2.0 1.7 1.4 1.7 0.8 0.9 0.8 1.0 2.6 2.3 2.0 2.6 
Madhupur Tract 0.6 0.7 0.7 0.7 1.7 1.7 1.3 1.6 0.7 0.9 0.7 1.0 2.6 2.3 2.0 2.5 
Meghna-Surma Floodplain 0.8 0.8 0.7 0.8 1.9 1.7 1.4 1.7 0.8 0.9 0.8 1.0 2.6 2.2 1.9 2.5 
Piedmont Plain 0.8 0.8 0.7 0.9 1.9 1.8 1.4 1.8 0.8 0.9 0.8 1.1 2.5 2.3 2.0 2.6 
Teesta-karatoya Floodplain 0.6 0.6 0.6 0.9 1.4 1.3 1.3 1.6 0.7 0.9 0.7 1.0 2.3 2.1 2.0 2.6 
Tidal Floodplain 0.7 0.7 0.7 0.7 1.7 1.5 1.3 1.5 0.8 0.8 0.7 0.9 2.3 2.0 1.8 2.3 
The above table illustrates that, the highest increase in minimum temperature may occur 
mostly in October-November (ON) season for all scenarios and all time slices, except mid-
century of RCP 4.5. Similarly, the highest increase in minimum temperature may occur in 
Barind tract region for all time slices and all scenarios, except mid-century of RCP 4.5. Hill 
agro-ecology may experience the highest increase in minimum temperature according to 
Table 3.5 for mid-century of RCP 4.5. The lowest increase in minimum temperature may 
occur in different region and season other than October-November, which is 0.6⁰C and 1.3⁰C 
in near term and mid-century for RCP 4.5. Whereas, the lowest increase in minimum 
temperature has been projected to be 0.7⁰C and 1.8⁰C in near term and mid-century 
respectively for RCP 8.5.     
Precipitation 
In general the prediction of precipitation is complicated for climate models especially in the 
tropical region and as a result it is associated with much larger uncertainty. Similarly, 
downscaling of those GCM results also has its shortcomings in estimating precipitation 
events. There exists a general bias of underestimating heavy precipitation events. Given the 
caveat, the output of downscaling for precipitation is illustrated in Map A-3.17-3.24 for 
Bangladesh using RCP4.5 and RCP 8.5 scenario.  A description of future projected 
precipitation for the different agro-ecological regions is given below:  
Table 3.6: Seasonal precipitation change (%) for different agro-ecological zones in 
Bangladesh for near term and mid-century 
Percentage Change in Rainfall 
Clustered AEZ 
RCP 4.5 RCP 8.5 
Near Term Mid Century Near Term Mid Century 
DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON 
Barind Tract 0 1 7 3 9 4 7 8 -2 8 8 12 1 6 8 14 
Brahmaputra floodplain 5 -5 6 9 10 2 6 7 4 5 8 14 12 4 6 14 
Ganges Floodplain 6 -5 7 11 11 -2 3 13 3 -1 8 24 2 0 2 18 
Hill  Agro-ecology -2 -7 6 9 22 -6 5 8 -1 -2 8 19 2 0 7 27 
Madhupur Tract 5 -8 6 16 12 -4 3 14 3 1 7 31 -1 0 1 20 
Meghna-Surma Floodplain 4 -9 7 11 19 -5 4 11 0 -3 7 20 4 -2 5 25 
Piedmont Plain 4 -7 6 9 23 1 8 4 8 3 8 13 15 1 10 17 
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Percentage Change in Rainfall 
Clustered AEZ 
RCP 4.5 RCP 8.5 
Near Term Mid Century Near Term Mid Century 
DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON DJF MAM JJAS ON 
Teesta-karatoya Floodplain 0 6 7 3 11 1 6 1 -3 8 3 9 -2 6 4 10 
Tidal Floodplain 3 -14 5 6 19 -7 1 6 1 -8 5 15 3 -8 1 19 
Under RCP 4.5, precipitation may increase the highest in Madhupur tract region for near 
term and Piedmont plain region for mid-century which is 16% and 8% respectively above the 
base case. Whereas, the highest increase in precipitation may occur in the same region in 
near term, for the mid-century, it is expected to occur in Hill-agro ecology region for RCP 8.5. 
Tidal floodplain region may face the highest decrease in precipitation for both time slices and 
scenarios. In case of June-July-August-September season, the highest increase in 
precipitation may occur in several regions in near term and in Piedmont plain region in mid-
century for both scenarios.      
3.2 Socio-economic Scenario 
3.2.1 Population 
The latest Population and Housing Census in Bangladesh was conducted during 2011. 
According to that Census, the estimated population of Bangladesh was 14,97,72,364 (as on 
15 March 2011) and currently, estimated population stands over 15,99,81,299 (as on 18 
January, 2016) according to BBS website. Average annual population growth rate was 
1.37% as of 2011 census (Planning Commission, 2015). Later on, Bangladesh Institute of 
Development Studies (BIDS) conducted PEC on latest census in April 2011 and found net 
error rate of 3.971% for whole Bangladesh (Islam et al., 2014). BIDS also estimated future 
population up to 2050 based on Total Fertility Rate (TFR), Life Expectancy and Net 
Migration Rate considering abovementioned figures (adjusted population of 2011). 
According to projection results of that study, future population of Bangladesh will be 189.70 
million in 2030 and 214.79 million in 2050 (Table 3.7).    
Table 3.7: Projected populations (in millions) of Bangladesh by sex 
Year Male         Female         Total  
2011 75.45 75.25 150.7 
2015 79.33 79.37 158.7 
2020 84.38 84.74 169.12 
2025 89.45 90.13 179.58 
2030 94.34 95.36 189.7 
2035 98.46 99.81 198.27 
2040 101.7 103.3 205 
2045 104.31 106.06 210.37 
2050 106.51 108.28 214.79 
3.2.2 GDP 
The study of BIDS (Islam et al., 2014) also projected national and sectoral GDP up to 2050 
on the basis of some assumptions. Although, the study did not try to project the growth 
scenario, rather utilized the available information on medium term forecast of the country’s 
22 
Climate Change and Socio-economic Scenarios 
 
GDP until 2021 of Perspective Plan (Planning Commission, 2012) and then extrapolated the 
growth scenario using plausible assumptions. The analysis considers real GDP (at 1995-96 
Price) for the period FY 11 (2010-11) through FY 2050 (2049-50).  
The projection results of GDP show (Table 3.8) that, yearly growth of Bangladesh GDP will 
tend to rise up to 2025 and then, will slow down until 2050. Real national GDP for FY 2030 
and FY 2050 are estimated as TK 18,681 and 74,284 Billion respectively. 
Table 3.8: National GDP at constant price (1995-96 price) 
FY 
GDP at constant price (1995-96 Price) (Billion TK) 
Yearly Growth National GDP Share of Agriculture in GDP (%) 
2010-11 6.7 (actual) 3849 19.95 
2014-15 7.1 5035.82 18.7 
2019-20 8.9 7642.16 17.26 
2024-25 9.6 11975.7 15.92 
2029-30 9.5 18680.99 14.68 
2034-35 8.6 27960.46 14.1 
2039-40 7.9 40515.48 13.55 
2044-45 6.7 55509.46 13.02 
2049-50 6.2 74283.87 12.5 
The sectoral GDPs at constant price (1995-96 Price) for the FY 2030 are estimated as TK 
2,742, TK 6,650 and TK 9,288 Billion for the three major sectors (Agriculture, Industry and 
Services) respectively. In percentage terms these are expected to be 14.7, 35.5 and 50%. 
For the FY 2050, the GDPs estimates indicate the figures to be TK 9,285, TK 27,611 and TK 
37,387 Billion indicating shares respectively as 12.5, 37.2 and 50.3 for the three major 
sectors.  
3.2.3 Macroeconomic Impact 
Climate change impacts based on a general equilibrium model on macroeconomic indicators 
were found to be relatively small, with climate change reducing GDP by 0.327% by 2050 or 
by $304,160 million taka. By 2030, all but the urban uneducated household category (which 
experienced a 26% caloric deficit) had access to sufficient calories to meet their minimum 
requirements. On the whole, climate change reduced aggregate household caloric 
consumption by 8% in 2030 and by 6% in 2050. While overall Bangladesh is likely to 
produce enough food to satisfy its caloric requirements by 2050, some will still go hungry 
due to both inter and intra-household distribution of food.  
Demand for Food 
To keep pace with  population growth, shrinking land resource base, and the threat of 
climate change, the food production needs to be increased substantially. Sustainable growth 
and development of the agricultural sector is the important issue to the government for 
meeting the future challenge of increased production.  
The availability of food grain in Bangladesh showed substantial improvement during the past 
two decades. The consumption of rice, wheat, spices, edible oil, fruits, potato and fish has 
increased considerably, but those of other food items like vegetables, meat and milk 
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consumption are still very low. The supply of much of the required energy comes from rice 
and wheat. The food grain requirements were 19.99 Mt and 28.342 Mt, respectively 
(Hussain, 2010) for 1995 and 2005. Kashem and Faroque (2011) reported that in general, 
both production and per capita availability of different food items are  increasing  from  1994-
95 to 2004-05 and to 2010-11.Per capita availability of potato, pulses, oilseeds, vegetables, 
meat, milk and egg increased notably from 2004-05. Although per capita availability 
increased, the country is grossly deficit in relation to requirement for all the non-cereal food 
items except potato (Table 3.9). 
Table 3.9: Production and availability of major food items (1994-2011) 
Food Items Production (Mt) Availability (g/capita/day) 
1994-95 2004-05 2010-11 1994-95 2004-05 2010-11* 
Cereals 18.08 26.13 35.0 374 464 647 
Potato 1.50 5.95 8.30 32 108 153 
Pulses 0.53 0.31 0.72 11 10 13 
Oilseed 0.48 0.56 0.84 10 10 15 
Vegetable 1.21 6.50 11.19 21 108 207 
Fruits 1.41 4.60 3.56 24 68 65 
Fish 1.17 2.10 2.89 27 41 53 
Meat 0.48 1.06 1.90 11 21 35 
Milk 1.52 2.14 2.95 35 42 54.60 
Egg (Million) 2400 5623 6078 19** 41** 41 
Source: BBS 2011, DAE, DLS, DOF, BARC * Population 148.69 million in 2011, **per year 
Based on the evaluation of previous work and current consumption patterns of the 
population, a desirable dietary intake for Bangladesh has been proposed by DDP, 2013, 
BIRDEM. Total food requirements were estimated by applying the pPopulation projections 
made by BIDS for 2011-2050 over the HIES 2010 and BIRDEM desirable dietary intakes. 
The results are presented in Table 3.10. The table reveals that the food grain requirement 
especially of rice is likely to decrease while those of wheat and maize requirement will 
increase. Requirements of other non-cereal food items like fish and meat and fruits will 
increase. 
3.2.4 Food and Nutritional Security 
Food and nutritional security comprises three basic elements in broader terms i.e. 
availability, accessibility (physical ,social and economic perspective) and utilisation 
(nutrition). Among these, 'availability' has received most attention in Bangladesh in terms of 
food security rather than access and nutritional concerns. Although, availability is a major 
concern for future Bangladesh. Because, the demand for food will increase over time as 
population rises and as income grows, with income growth, the demand for staples such as 
rice may ultimately fall per capita but the aggregate demand will still rise due to rising 
population while demand for non-rice food will increase much more. Estimates show that rice 
production will have to be increased by over 0.30 million tonnes (Mt) annually to feed the 
additional population. During 2015 and 2021, 35.39 and 36.81 Mt rice and1.16 and 1.40 Mt 
wheat respectively would be required (Perspective Plan of Bangladesh 2010-2021 (GED 
2010)). In addition, yield of different crops will be negatively impacted due to climate change, 
so does the social and economic accessibility and nutrition as well. The negative impact of 
climate change on food productivity is expected to restrict both physical and economic 
access by raising prices and lowering income of food producers. Furthermore, nutrient 
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quality of food may go down due to climate change. Protein content of food crops may fall 
while mycotoxin formation may also become a problem (IPCC, 2013). Literature indicates 
that climate change may lower the zinc and iron contents in wheat, rice and legumes 
(Elbehri et al, 2015). Therefore, ensuring food security along with nutritional aspects is a 
major concern in the context of Bangladesh agriculture under climate change. While the 
present exercise does not look into prospects of production of non-crop food, some attention 
has been given to go beyond only cereal crops to take care of need for non-calorie nutrition 
by analyzing future prospects for potato, pulses, and oilseeds. 
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Table 3.10: Desirable intake (per capita/day) of different food items and pro Food requirement  
Food item3s 
Present 
consumption 
(Gram per 
capita per day) 
as per HIES 
2010 
Desirable 
intake 
(Gram per 
capita per 
day) as 
per DDP, 
2013 
Year 2011 Year 2020 Year 2030 Year 2050 
Population (M)** Source: BIDS, 2014 
150.702 169.120 189.700 214.790 
HIES 2010 DDP, 2013 HIES 2010 DDP, 2013 HIES 2010 DDP, 2013 HIES 2010 DDP, 2013 
Vegetables  166.1 300 9.137 16.502 10.253 18.519 11.501 20.772 13.022 23.520 
Leafy:   100 - 5.501 - 6.173 - 6.924 - 7.840 
Non-leafy: 200  200 - 11.001 - 12.346 - 13.848 - 15.680 
Fruits 44.7 100 2.459 5.501 2.759 6.173 3.095 6.924 3.504 7.840 
Cereals 463.9 400 25.517 22.003 28.636 24.692 32.121 27.696 36.369 31.359 
Rice 416 350 22.883 19.252 25.679 21.605 28.804 24.234 32.614 27.439 
Wheat 26 50 1.430 2.750 1.605 3.086 1.800 3.462 2.038 3.920 
Others 21.9  1.205 - 1.352 - 1.516 - 1.717 - 
Pulses 14.3 50 0.787 2.750 0.883 3.086 0.990 3.462 1.121 3.920 
Potato 70.3 100 3.867 5.501 4.340 6.173 4.868 6.924 5.511 7.840 
Fish 49.5 60 2.723 3.300 3.056 3.704 3.427 4.154 3.881 4.704 
Meat incl. 
poultry 19 40 1.045 2.200 1.173 2.469 1.316 2.770 1.490 3.136 
Egg 7.2 30 0.396 1.650 0.444 1.852 0.499 2.077 0.564 2.352 
Milk and Milk 
product 33.7 130 1.854 7.151 2.080 8.025 2.333 9.001 2.642 10.192 
Cooking oils 20.5 30 1.128 1.650 1.265 1.852 1.419 2.077 1.607 2.352 
Condiments & 
Spices 66 20 3.630 1.100 4.074 1.235 4.570 1.385 5.174 1.568 
Sugar/Gur 8.4 20 0.462 1.100 0.519 1.235 0.582 1.385 0.659 1.568 
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Food item3s 
Present 
consumption 
(Gram per 
capita per day) 
as per HIES 
2010 
Desirable 
intake 
(Gram per 
capita per 
day) as 
per DDP, 
2013 
Year 2011 Year 2020 Year 2030 Year 2050 
Population (M)** Source: BIDS, 2014 
150.702 169.120 189.700 214.790 
HIES 2010 DDP, 2013 HIES 2010 DDP, 2013 HIES 2010 DDP, 2013 HIES 2010 DDP, 2013 
Miscellaneous 
(tea. 36.5  2.008 - 2.253 - 2.527 - 2.862 - 
Protein 66.26  3.645 - 4.090 - 4.588 - 5.195 - 
Calorie (K. 
cal/capita/day) 2318.3 kcal 2430kcal 
2318.3 
kcal 2430kcal 
2318.3 
kcal 2430kcal 
2318.3 
kcal 2430kcal 
2318.3 
kcal 2430kcal 
**See Footnote4 
 
 
 
4 The projected population data collected from "Projection of Population, GDP and Income Group 2050. Bangladesh Integrated Water Resources Assessment Project Report" 
published by the Bangladesh Institute of Development Studies (BIDS) in 2014. BIDS followed the cohort component method for projecting the national population, where 
components refer to fertility, mortality and migration. The projections of the country's total population was made during 2015-2050 based on the, adjusted figures of 2011 
Population Census. In this study BIDS has estimated future age-specific national population by using a demographic software Spectrum (Stover and Kirneyer 1997). The 
process required the following information as inputs which have been collected or estimated from different published sources: (1) Distribution of the adjusted population by 
age, sex and spatial status (midyear population of Census 2011 is the base population) (2) A set of ASFR (age specific fertility rate) or TFR (total fertility rate, Assumed 2.1 in 
2021 and constant for beyond 2021) (3) Life expectancy at birth for both males and females 70 years and 71 years respectively in 2021 and constant beyond 2021) (4) A 
model life table by sex. For our purpose, we have used the South Asian Life Table Model (which is generated by the software internally) (5) International migration rate or net 
international migration rate for both male and female (net migration - 1.57 for male and -0.2 for female for all the years) (6) Sex ratio at birth (male: female:: 100: 100.30) (7) 
Regional migration rate or growth rate for both urban and rural areas (assuming constant growth rates 1.2 for rural and 1.9 for urban areas). 
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 4. Present and Future Vulnerabilities of Agriculture to Climate 
Change-Related Hazards 
4.1 Issues of Vulnerability of Agriculture to Climate Change 
Climate change as indicated by a rising trend in average temperature and volatility of the 
precipitation regime themselves will affect agriculture to an extent. However, climate change 
may often lead to second round physical impacts which may provide shocks to agricultural 
production from time to time. Such physical impacts include floods, droughts, seal level rise 
and increased salinity and cyclonic storm surges. On average, flood, drought and salinity 
affected respectively 34%, 15% and 4% of total households affected by all hazards and 
associated with 23%, 6% and 3% of total damage and losses occurred in Bangladesh during 
2009-14 (BBS, 2016). Crop sector has faced the highest damage and loss (around 36%) 
among all other sectors in this period. The frequency and severity of all these hazards may 
increase over time as climate change unfolds. In the followings sections, some ideas of 
possible changes in these hazards in Bangladesh in future are provided.  
4.1.1 Flood 
Flooding Condition (frequency, severity and spatial extent) has been analyzed for 11 
clustered agro ecological zones of Bangladesh. The overall flood extent has been calculated 
interpreting five situations, based on maximum flood depth with an exceedence of return 
probability of 1 in 25 years, 50 years and 100 years. Usual land classification by flood depth 
has been used. In this classification, flooding depth definitions are as follows: highland F0 is 
0 cm; Medium highland F1 is 0-90 cm; Medium lowland F2 is 90-180 cm; Low land F3 is 
180-300 cm and very lowland F4 is over 300 cm. The results have been shown in Table 4.1, 
Table 4.2 and Table 4.3 for 25 years return period flood, 50 years return period flood and 
100 years return period flood respectively. 
From the results, it has been found that Beel and basin agro-ecological zone is very lowland 
where around 99 percent of zonal area to be flooded for 100 , 50 and 25 year return period 
respectively. Floodplain zones are mostly affected by flooding and around 70 to 90 percent 
of zonal area is fit into the category of very lowland here. Recent findings (BBS, 2016) 
revealed that, on an average flood damaged around 14% (88 sq.km) land of total damaged 
land (628 sq.km) during 2009-14, among which highest percentage of damaged land was 
found in Dhaka and Sylhet division, whereas lowest damaged land was found in Khulna 
division. Dhaka division faced highest percentage (13.5%) of damage and loss in terms of 
monetary value, while Barisal division faced as lowest (0.33%) due to flood.   
25 year Return period 
For 25 year return period flooding condition, in Beel and Basin agro-ecological zone most of 
the land covers the highest flooding zone which is around 99 percent. The floodplain zones 
mainly affected by highest flooding showing 65 percent for char areas, 73 percent of 
Brahmaputra floodplain, 82 percent of Ganges floodplain and 70 percent of Meghna-Surma 
floodplain. Tidal floodplain shows discrepancy in this case occurring 41 percent of land areas 
in highest flooding zone and 55 percent of land areas in lowest flooding zone. The zone of 
hill agro-ecology is found to be most highland as 95.6 percent of area is covered in the F0 
zone and 0.2,0.1,0.1 and 4 percent of area is covered as F1, F2, F3 and F4 respectively. In 
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piedmont plain zone, maximum of the zonal area is covered as F0 which is 77.5 percent and 
0.7, 0.7, 1 and 20.1 percent of area is covered as F1, F2, F3 and F4. For the agro-ecological 
zone of river and others maximum of the area is F0, which is 86.6 percent of the total area 
and 0.1, 0.1, 0.3 and 12.9 percent of area is covered as F1, F2, F3 and F4. The zone of 
Teesta Karatoya floodplain, Madhupur tract and Barind tract shows approximately same type 
of land features covering 50 to 60 percent area into the zone of highland and 35 to 45 
percent of land into very lowland area. 
50 year Return period 
For 50 year return period flooding condition, in Beel and Basin agro-ecological zone most of 
the land covers the highest flooding zone which is around 99 percent. The floodplain zones 
mainly affected by highest flooding showing 65 percent for char areas, 73 percent of 
Brahmaputra floodplain, 82 percent of Ganges floodplain and 70 percent of Meghna-Surma 
floodplain. Tidal floodplain shows discrepancy in this case occurring 42 percent of land areas 
in highly flooding zone and 55 percent of land areas in lowest flooding zone of lowland area. 
The zone of hill agro-ecology is found to be most highland as 95 percent of area is covered 
in the F0 zone and 0.2,0.2,0.4 and 4 percent of area is covered as F1,F2,F3 and F4 
respectively. In piedmont plain zone, maximum of the zonal area is covered as F0 which is 
78 percent and 0.7, 0.7, 1 and 20 percent of area is covered as F1, F2, F3 and F4. For the 
agro-ecological zone of river and others maximum of the area is F0, which is 86 percent of 
the total area and 0.1, 0.1, 0.3 and 13 percent of area is covered as F1, F2, F3 and F4. The 
zone of Teesta Karatoya floodplain, Madhupur tract and Barind tract shows approximately 
same type of land features covering 50 to 61 percent area into the zone of highland and 35 
to 45 percent of land into very lowland area. 
100 year Return period 
For 100 year return period flooding condition, in Beel and Basin agro-ecological zone most 
of the land covers the highest flooding zone which is around 99 percent. The floodplain 
zones mainly affected by highest flooding showing 65 percent for char areas, 75 percent of 
Brahmaputra floodplain, 82 percent of Ganges floodplain and 70 percent of Meghna-Surma 
floodplain. Tidal floodplain shows discrepancy in this case occurring 42 percent of land areas 
in highest flooding zone and 55 percent of land areas in lowest flooding zone. The zone of 
hill agro-ecology is found to be most highland as 95 percent of area is covered in the F0 
zone and 0.1,0.2,0.1 and 4.2 percent of area is covered as F1, F2, F3 and F4 respectively. 
In piedmont plain zone, maximum of the zonal area is covered as F0 which is 76 percent 
and 0.6, 0.7, 0.9 and 21 percent of area is covered as F1, F2, F3 and F4. For the agro-
ecological zone of river and others maximum of the area is F0, which is 86 percent of the 
total area and 0.2, 0.1, 0.2 and 13.1 percent of area is covered as F1, F2, F3 and F4. The 
zone of Teesta Karatoya floodplain, Madhupur tract and Barind tract shows approximately 
same type of land features covering 50 to 60 percent area into the zone of highland and 35 
to 45 percent of land into very lowland area. 
Table 4.1: Percentage of Inundation under different depth categories in  25 year return 
period flood condition 
AEZ Area(km2) Land Class(% respect to zone area) F0 F1 F2 F3 F4 
Piedmont Plain 7902.93 78.7 0.7 0.7 1.0 18.9 
River and Others 734.59 86.8 0.1 0.2 0.2 12.7 
Teesta-karatoya Floodplain 11803.06 61.3 0.2 0.3 0.3 37.8 
Char Land 3872.45 34.4 0.4 0.5 0.8 64.0 
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AEZ Area(km2) Land Class(% respect to zone area) F0 F1 F2 F3 F4 
Brahmaputra floodplain 12572.88 25.7 1.5 1.6 2.3 69.0 
Hill  Agro-ecology 15435.33 95.7 0.2 0.1 0.1 3.9 
Beel and Basin Agro-ecology 7607.02 0.2 0.01 0.01 0.03 99.8 
Ganges Floodplain 20682.7 16.8 0.7 0.8 1.1 80.8 
Madhupur Tract 4159.17 59.4 0.7 0.8 1.1 38.0 
Meghna-Surma Floodplain 19236.95 29.3 0.7 0.9 1.3 67.9 
Tidal Floodplain 16864.33 56.2 0.9 1.4 2.7 38.7 
Barind Tract 7534.46 61.6 0.8 0.7 1.0 36.0 
Table 4.2: Percentage of Inundation under different depth categories in  50 year return 
period flood condition 
AEZ Area(km2) Land Class(% respect to zone area) F0 F1 F2 F3 F4 
Piedmont Plain 7902.93 77.5 0.7 0.7 1.0 20.1 
River and Others 734.59 86.6 0.1 0.1 0.3 12.9 
Teesta-karatoya Floodplain 11803.06 61.0 0.2 0.2 0.4 38.1 
Char Land 3872.45 33.5 0.4 0.5 0.7 64.9 
Brahmaputra floodplain 12572.88 22.7 1.3 1.4 2.1 72.6 
Hill  Agro-ecology 15435.33 95.6 0.2 0.1 0.1 4.0 
Beel and Basin Agro-ecology 7607.02 0.1 0.01 0.01 0.02 99.8 
Ganges Floodplain 20682.7 16.2 0.6 0.7 1.0 81.6 
Madhupur Tract 4159.17 57.5 0.8 0.7 1.0 40.0 
Meghna-Surma Floodplain 19236.95 28.3 0.6 0.6 0.9 69.6 
Tidal Floodplain 16864.33 55.5 0.6 0.8 1.9 41.1 
Barind Tract 7534.46 60.6 0.8 0.8 0.9 36.9 
Table 4.3: Percentage of Inundation under different depth categories in 100 year 
return period flood condition 
AEZ Area(km2) Land Class(% respect to zone area) F0 F1 F2 F3 F4 
Piedmont Plain 7902.93 76.5 0.6 0.7 0.9 21.3 
River and Others 734.59 86.4 0.2 0.1 0.2 13.1 
Teesta-karatoya Floodplain 11803.06 60.8 0.2 0.2 0.3 38.4 
Char Land 3872.45 32.7 0.5 0.5 0.7 65.7 
Brahmaputra floodplain 12572.88 20.4 1.1 1.2 1.8 75.5 
Hill  Agro-ecology 15435.33 95.5 0.1 0.2 0.1 4.2 
Beel and Basin Agro-ecology 7607.02 0.1 0.01 0.01 0.01 99.8 
Ganges Floodplain 20682.7 15.7 0.6 0.6 1.0 82.1 
Madhupur Tract 4159.17 55.6 0.7 0.7 1.1 41.9 
Meghna-Surma Floodplain 19236.95 27.3 0.7 0.6 0.9 70.6 
Tidal Floodplain 16864.33 55.1 0.4 0.6 1.2 42.7 
Barind Tract 7534.46 59.9 0.7 0.7 1.1 37.6 
4.1.2 Drought 
Droughts are a recurrent feature in Bangladesh. The droughts occurring in Bangladesh are 
not meteorological droughts but merely agricultural droughts which could be also termed as 
severe soil moisture stress. Generally, two critical dry periods are notable in Bangladesh 
(Karim et al., 1990b). The mean annual rainfall in drought prone zone is 1250-1750 mm, The 
drought situation of an area becomes severe mainly during April-May due to the cumulative 
effect of the following: 
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• Presence of soils with low moisture holding capacity (<200 mm available 
moisture). 
• Increasing number of dry days (Precipitation <0.5 PET). 
• Occurrence of extreme summer temperature of more than 40°C. 
In the drought prone agro-ecological regions of Bangladesh, period of dry days ranges 
between 32-48 days, starting from 24 March to 21 May and during this period the 
temperature also rises more than 40°C for 5 to 15 days within the same agro-ecological 
regions. In addition, some soils in other regions have low moisture holding capacities, which 
show different degrees of drought situations (Karim et al, 1990a).  
Seasonal (Rabi, Kharif-I and Kharif-II) drought prone areas all over Bangladesh have been 
identified on upazilla basis by CDMP (2012). Each of the drought vulnerable upazillas has 
been ranked in terms of severity for each of the seasonal drought classification. Thus, 
individual ranking of Rabi, Kharif-I and Kharif-II season has been done for all the drought 
affected areas in terms of severity of areal extent. The top 213 vulnerable "hotspot" upazillas 
have been identified from the combined vulnerability ranking. The first 20 most vulnerable 
hotspots upazillas are given in Table A-4.1 (Annex VI).  
The CDMP based upazila-wise information are shown in the above map. Drawing upon 
these information the area under drought (without considering the severity) has been shown 
in Table 4.4. As the table indicates the Barind tract region is the most drought-prone zone 
while Meghna-Surma Floodplain is the least drought-prone. 
   Table 4.4: Percentage of drought prone area in different clustered AEZ 
AEZ Area (sq.km.) Percentage Drought Prone Area 
Barind Tract 7538.57 99.94 
Beel and Basin Agro-ecology 7642.26 28.59 
Brahmaputra floodplain 12654.15 11.49 
Char Land 6127.48 42.71 
Ganges Floodplain 20744.20 82.57 
Hill  Agro-ecology 18615.07 24.51 
Madhupur Tract 4162.12 13.29 
Meghna-Surma Floodplain 19975.45 7.63 
Piedmont Plain 7935.11 67.27 
Tidal Floodplain 18135.58 59.02 
Tista-karatoya Floodplain 11852.30 70.08 
 
The geographical distribution of drought prone areas for different seasons (shown in Map 4.1 
and Map 4.2) illustrates that the western parts of the country will be at greater risk from 
droughts during both the Kharif and pre-Kharif seasons.  
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(Source: SRDI) 
Map 4.1:Drought prone (Kharif) 
areas of Bangladesh  
(Source: SRDI) 
Map 4.2:Drought prone (Rabi and 
Pre Kharif) areas of Bangladesh  
Rabi and pre-Kharif drought (January/May) occurs, due to the cumulative effect of dry days, 
higher temperatures during pre-Kharif (> 400C in March/May) and low soil moisture 
availability. When irrigation possibilities are limited, drought affects all Rabi crops, such as 
HYV Boro, wheat, pulses and potatoes. Drought affects sugarcane production. It also affects 
fruit trees, such as jackfruit, litchi, and banana, which often die during this period. But the 
loss of rice production is the most costly damage incurred because of droughts in the 
country.(MoEF, 2012) 
Kharif drought from June/July to October, created by sub-humid and dry conditions in the 
highland and medium highland areas of the country (in addition to the west/northwest; the 
Madhupur tract in the central parts of the country is also drought prone). Shortage of rainfall 
affects the critical reproductive stages of transplanted Aman rice, reducing yield, particularly 
in those areas with low soil moisture holding capacity (MoEF, 2012). 
Relevant literature indicates that under a moderate climate change scenario, Aus production 
would decline by 27% while wheat production would be reduced to 61% (Karim et al., 1999). 
Under a severe drought scenario (with 60% moisture stress), yield of Boro might reduce by 
55-62%. Moisture stress might force farmers to reduce the area of Boro cultivation. In case 
of a severe drought  due to a change of temperature by +2°C and a reduction in precipitation 
by 10%, runoff in the Ganges, Brahmaputra, and Meghna rivers would be reduced by 32%, 
25% and 17% respectively (Mirza and Dixit, 1997). This would limit surface irrigation 
potential in drought-vulnerable areas and challenge the food self-sufficiency programmes of 
the country. 
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4.1.3 Salinity 
The coastal zone of Bangladesh covers about 20 percent of the country and more than 30% 
of the cultivable land. Out of 2.86 Mha of coastal and offshore lands about 1.056 Mha of 
lands are affected by different degrees of salinity. Of the 151 Upazillas in 19 coastal districts, 
93 Upazillas under 18 districts are affected by salinity. As the cropping intensity and crop 
yields are well below the country average, the contribution to agriculture sector is not 
proportional to its land mass. The reason behind this is unfavorable agro-ecological 
conditions of the region. These including coastal flooding in the monsoon, higher levels of 
soil salinity and higher water salinity in winter reduces its potential for irrigation (Hussain et 
al, 2012).  
The extent of different categories of soil salinity is shown in Map 4.3. The extent of effect of 
soil salinity upon the clustered agro-ecological zones is presented in Table 4.5. 
Table 4.5: Percentage of saline soil in different clustered AEZ 
AEZ Area (sq.km.) Saline Area (sq.km.) % Area 
Beel and Basin Agro-ecology 7642.26 1643.45 21.50 
Ganges Floodplain 20744.20 2335.18 11.26 
Hill Agro-ecology 18615.07 268.86 1.44 
Meghna-Surma Floodplain 19975.45 5352.23 26.79 
River and Others 837.29 23.05 2.75 
Tidal Floodplain 18135.58 14002.19 77.21 
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Map 4.3: The extents of different categories soil salinity (source: SRDI, 2010) 
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Salinity and its seasonal variation are dominant factors for the coastal ecosystem, fisheries 
and agriculture (MoEF, 2012). Therefore, any change in the present spatial and temporal 
variation of salinity will affect the biophysical system of the coastal area. The isosaline lines 
of 1, 5 and 15 ppt have been drawn for base and 2050 conditions to show changes in salinity 
in the coastal area of Bangladesh in a recent study (IWM & CEGIS, 2007). Map 4.4 and Map 
4.5 indicate that in base condition about 10% area is under 1 ppt salinity and 16% under 5 
ppt salinity rising to 17.5% (1 ppt) and 24% (5 ppt) by 2050. So, there will be around 7 
percentage point increase in area under 5 ppt salinity levels.  
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Map 4.4: Salinity condition in coastal area for base condition 
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Map 4.5: Salinity condition in coastal area for 2050 (Source: Hassan et. al. 
2010) 
The percentage increase in saline area for both the 1 ppt and 5 ppt lines by specific AEZ are 
presented below. It is no surprise that while of all those clustered AEZ mentioned in the table 
are affected by tidal influence and hence certain salinity, the maximum extent of saline area 
falls under the tidal flood plain.  
Table 4.6: Percentage increase in saline area for 1 ppt in different clustered AEZ 
AEZ Total Area (sq.km.) 
Saline Area 
Percentage in 
Base Condition 
Saline Area 
Percentage 
in 2050 
Percentage 
Increase in 
Area 
Beel and Basin Agro-ecology 7642.26 1.16 2.49 1.33 
Ganges Floodplain 20744.20 3.18 5.07 1.89 
Hill  Agro-ecology 18615.07 1.20 2.28 1.08 
Meghna-Surma Floodplain 19975.45 8.14 20.83 12.69 
River and Others 837.29 2.77 2.77 0.00 
Tidal Floodplain 18135.58 43.47 58.88 15.41 
Table 4.7: Percentage increase in saline area for 5 ppt in different clustered AEZ 
AEZ Total Area (sq.km.) 
Saline Area 
Percentage in 
Base Condition 
Saline Area 
Percentage in 
2050 
Percentage 
Increase in 
Area 
Ganges Floodplain 20744.20 0.20 1.38 1.19 
Hill  Agro-ecology 18615.07 0.03 0.00 -0.03 
Meghna-Surma Floodplain 19975.45 5.67 9.21 3.55 
River and Others 837.29 2.77 2.77 0.00 
Tidal Floodplain 18135.58 28.83 38.38 9.55 
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 5. Status of Adaptation for Bangladesh Agriculture 
Agriculture has to adapt to significant impacts of climate change, while at the same time 
providing food for a growing population. To understand the nature of adaptation one needs 
also to be clear what adaptation means in general and in the context of agriculture. 
The IPCC (2001) defines adaptive capacity as the ability of a system to adjust to climate 
change (including climate variability and extremes), to moderate potential damages, to take 
advantage of opportunities, or to cope with the consequences. The goal of an adaptation 
measure should be to increase the capacity of a system to survive external shocks or 
change. The IPCC (2007) also defines adaptation as the adjustment in natural or human 
systems in response to actual or expected climatic stimuli or their effects, which moderates 
harm or, exploits beneficial opportunities. The IFPRI (Nhemachena, 2007) defines 
adaptation as the process of improving society’s ability to cope with changes in climatic 
conditions across time scales, from short term (e.g. seasonal to annual) to the long term 
(e.g. decades to centuries). 
The upshots of the above definitions is that adaptation in agriculture may be short or long 
term but the adaptation actions must be such that the agricultural system may continue to 
operate and fulfill its basic roles in food security and ensuring livelihood particularly in the 
context of Bangladesh. Adaptation should also be such that whatever damages occur (such 
as yield reductions of crops) can be minimised. Then again there may be new opportunities; 
areas becoming drier for example may be more suitable for crops resistant to moisture 
stress and thus new crops may be cultivated. Finally, adaptation may be reactive. If floods 
wash away crops and there is not much time before the new crop season, very quick rotation 
crops may be cultivated so that some of the losses may be recouped.      
This chapter describes the present situation of adaptation in Bangladesh crop agriculture, 
policies, plans, guidelines relevant to adaptation to climate change in Bangladesh 
agriculture, future adaptation needs to combat impacts of climate change and possible 
adaptation strategies keeping in mind the above aspects of adaptation actions.   
5.1 Present Situation of Adaptation 
Adaptation strategies can address several different types of climate risks. Adaptations can 
focus on increasing crop productivity, improving irrigation efficiency or expanding water 
supply, crop diversification, cropping pattern changes and intensification, generating 
alternative enterprises (either farm or non-farm sector) to diversify household income 
sources etc.(Yu, W.H. et al., 2010) 
A review of literatures indicates that local people have already started to adapt to climate 
change based on their own innovative indigenous knowledge and initiatives. Several studies 
have been carried out to find out those adaptation strategies which are being practised in 
field or presently available. A number of interesting adaptation measures have been 
promoted and subsequently applied in the southwestern region of Bangladesh under a 
project titled Reducing Vulnerability to Climate Change (RVCC). The project was 
implemented in six south western Districts of Bangladesh from 2002 to 2005, and it applied a 
few agricultural adaptation measures in a bid to reduce vulnerability of communities to 
climate change by increasing people’s coping capacity. Applied adaptation strategies are: 
(CCC, 2009) 
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• Increase food  production through agriculture 
• Increase income through alternative livelihoods 
Another study on drought vulnerability assessment (CDMP 2012) suggested that adaptation 
strategies for drought should be formulated at three different levels (Figure 5.1): 
• Farm Level Adaptation  
• System Level Adaptation  
• Planning Level Adaptation 
The actual activities at different levels are of course different. While the on the ground action 
takes place at the farm level, the planning has to be done at national level while some of the 
actions have to be at the system level for example public irrigation facilities. 
 
Figure 5.1: Strategic Measures of Drought Adaptation 
A study by World Bank in 2010 (Yu, W.H. et al., 2010) on climate risks and food security of 
Bangladesh identified different strategies available for drought, flood, tidal inundation and 
salinity intrusion. Existing strategies to deal specifically with drought risks include:  
• full irrigation for dry season boro and supplementary irrigation for t. aman from 
groundwater and surface water sources 
• crop adjustments (e.g. replanting) 
• moisture conservation practices  
• promotion of horticultural crops 
Existing strategies to deal specifically with flood risks include:  
• construction of embankments and drainage canals 
• harvesting of crops from under water 
• changing the crop calendar (e.g. late or early planting)  
• raising seedlings in a safe and dry place 
• double transplanting of seedlings and floating vegetable gardens  
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Existing strategies to deal with coastal zone risks (e.g. tidal inundation and, salinity intrusion) 
include:  
• coastal embankments 
• introduction of saline resistant crops  
Unnayan Onneshan (Basak, J.K., 2010) in a recent study has concluded field level 
adaptations include changes in planting and harvesting dates, tillage and rotation practices, 
substitution of crop varieties or species more appropriate to the changing climate regime and 
improved irrigation and drainage systems. Technological innovations to enhance rice 
production systems, development of new crop varieties have got special emphasis as 
adaptation strategies in this research.  
Study on Implications of Climate Change on Crop Production in Bangladesh and Possible 
Adaptation Techniques (Basak, J.K., 2011) suggested that adaptation techniques mainly 
include: 
• Choosing suitable cropping pattern 
• Choice of seed 
• Irrigation management 
• Crop Intensification 
• Suitable Transplanting 
These adaptation strategies were suggested for two particular districts, Gaibandha and 
Sirajganj, analyzing impacts of climate change on crop production.  
In a study by USAid (Thomas, T.S. et al., 2012) a household survey covered 40 unions 
(administrative units), selected to represent the seven broad AEZs, based on the 30 original 
AEZs. The survey tried to find out the percentage of farmers practising different adaptation 
strategies. Survey results show most adaptive strategies include:  
• changing crop variety (60 percent);  
• changing fertilizer application (59 percent);  
• irrigating fields more or intensifying irrigation (58 percent);  
• irrigating fields (57 percent);  
• changing planting dates (39 percent);  
• changing crop type (18 percent);  
• increasing amount of land under production (15 percent);  
• seeking off-farm employment (15 percent);  
• building a diversion ditch (14 percent); and  
• building a water harvesting system (12 percent).  
A recent study on climate change adaptation in agriculture (Hassan, A.W. R., 2014) under 
DAE has given emphasis on following adaptation strategies: 
• agronomic management 
• water harvesting 
• water use efficiency 
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• cropping pattern/intensification 
• alternative crop enterprises 
• post harvest practices   
A study on local perceptions of climate change impacts in rural Bangladesh (Davis, P. et al., 
2014) also identified certain adaptation strategies that people already practise. As identified 
by the participants in the consultations, the identified adaptation strategies include: 
• Improved irrigation 
• Changed cropping patterns 
• Changed livelihood 
• Loans or distress sales 
• Migration 
• Disaster relief 
From the available literature review it is evident that, both planned and autonomous 
adaptation strategies are being practised now in different parts of the country for adapting to 
various climate-related hazards such as flood, drought, salinity, coastal inundation as well as 
for facing other climate induced challenges. Farmers are applying their local indigenous 
knowledge to adapt to the consequences of climate change. Several issues stand out. First 
while individual crop productivity has been sought to be protected through say irrigation, the 
over-all attempt appears to protect total farm productivity through cropping patterns change, 
planting date changes, varietal change etc. Innovations for food production increase are 
taking place gradually following different adaptation strategies. Identification of these 
presently available adaptation strategies is likely to help to formulate future adaptation needs 
for crop agriculture in the context of climate change.  
5.1.1 Policies, Guidelines, Plans Relevant to Adaptation in Agriculture 
In this section a list and a brief discussion of adaptation-relevant policies in agriculture have 
been made. For details of these policies and strategies see (Asaduzzaman and Munir, 
2013).  
The list of relevant policies is as follows: 
• National Agriculture Policy, 1999 & 2013 
• Integrated Small Scale Irrigation Policy, 2011 
• The National Integrated Pest Management Policy, 2002 
• New Agricultural Extension Policy, 1996 
• Coastal Zone Policy, 2005 
• National Water Policy, 1999 
• Guidelines on the Development of Climate Change Resilience Early and Short 
Duration Crop Varieties and Agro- technology, 2010 
• Bangladesh Climate Change Strategy and Action Plan, 2008 and 2009  
• Bangladesh Country Investment Plan, 2010 and Revised Plan 2011 
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• Seventh Five Year Plan, 2016-2020 
• National Adaptation Programme of Action, 2005 and 2009 
A perusal of these policies reveal a few things. The climate change phenomenon is seen to 
be more predominantly addressed in the more recent policies and strategies and planning 
documents. The National Agriculture Policy 1999 recognized the need to establish 
agriculture as a profitable sector with the purpose of diversifying cropping through an 
efficient agricultural system. It lacked certain insights into climatic volatility which was later 
addressed in a rather limited manner in the revised National Agriculture Policy 2013. 
Comprehensive policy documents such as the Bangladesh Climate Change Strategy and 
Action Plan 2009, Bangladesh Country Investment Plan 2011, the Sixth Five Year Plan 
2011-2015 have paved the way for better integration of climatic factors with agriculture. Yet, 
the  Seventh Plan while it has included various programmes more of planning nature which if 
implemented will possibly go a long way in a better coordinated and implemented plans and 
programmes for agricultural growth, has provided very little guideline on taking up the 
challenge of climate change (temperature and precipitation anomalies) head on. The 
Seventh Plan exercise seems to show as if climate change issue is something different from 
the issue of future development prospects of sectors including agriculture. On the other 
hand, Guideline for research has been quite comprehensive showing that at scientists level 
the problems are well known but not so much at the policy makers' level.  
There is a need for immediate updating of several policies such as those related to seed, 
agricultural extension, irrigation, and most definitively water while Coastal Zone policy may 
be made more comprehensive given the upcoming Delta development Plan presently under 
formulation. The upshot of the above brief discussion seems to indicate that while farmers 
are smart enough to begin adaptation, at the systemic and policy and planning level much 
more needs to be done.  
5.1.2 Future Adaptation Needs 
Climate change and variability makes crop agriculture in Bangladesh highly vulnerable. It is 
inferred in the available literature that crop production would be extremely vulnerable under 
climate change scenarios, and as a result, food security of the country will be at risk 
(Mahtab, 1989; BCAS-RA-Approtech, 1994; ADB, 1994; Warrick and Ahmad, 1996; Huq et 
al., 1996; Karim et al., 1999). Although the agricultural vulnerability will be very high and 
adaptation needs are paramount, very little efforts have so far been made to understand the 
potential of agricultural adaptation in Bangladesh.  
Ahmed (2000) made an early attempt to analyse the adaptation potential of the country's 
crop agriculture in a warmer world. It is reported in the literature that there may be six 
generic types of adaptation in the agriculture sector with particular reference to Bangladesh. 
These are based on the IPCC typology of adaptation and are analyzed in relation to the 
current realities prevailing in Bangladesh. They are: Bear crop losses, Share losses, Modify 
the threats to crop production (mostly practiced strategy), Prevent adverse effects, Change 
land use and Change location.  
Considering the above information, the NAPA, listed the following generic adaptation needs 
for the agriculture sector (MoEF, 2005): 
• Mainstreaming adaptation to climate change into policies and programs in 
different sectors (including the agriculture sector) (priority #6); 
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• Promotion of research on drought, flood and saline tolerant varieties of crops to 
facilitate adaptation in future (priority #10); 
• Promoting adaptation of coastal crop agriculture to combat increased salinity 
(priority #11); and 
• Adaptation to the agriculture system of areas prone to enhanced flash flooding in 
the northeast and central region (priority #12). 
In addition, the NAPA document also stressed on promotion of a crop insurance system. An 
action research program considered for the drought-prone areas of Bangladesh 
recommended a host of options (CEGIS-FAO, 2006), which include the following: 
• Promotion of less water-requiring and short rotation crops (also stressed in 
Karim, 1996; Huq et al., 1996; Asaduzzaman et al., 1997 etc.). 
• Increase in efficiency in irrigation water use (also stressed in Karim, 1996; Huq et 
al., 1996; Asaduzzaman et al., 1997; Ahmed et al., 1998 etc.). 
• Rainwater harvesting (various methods including traditional ones) and 
preferential use to offset moisture stress (also stressed in Karim, 1996; 
Asaduzzaman et al., 1997 etc.) 
CEGIS (2006) highlighted the technical needs for maintaining a sustained flow of fresh water 
along the Gorai River system in order to offset sea-level rise induced salinity in the south 
western region of Bangladesh.  
Later on, the BCCSAP (2008/2009) formulated several adaptation needs in agriculture. 
Among the programs Program 1, Program 2 and Program 3 of Theme 1 (food security, 
social protection and health), are relevant to adaptation to Bangladesh agriculture under 
climate change and proposed 11 number of actions as future adaptation needs to strengthen 
crop agriculture sector in Bangladesh. Those actions to ensure short term and long term 
adaptation measures are as follows: 
Actions under T1P1: 
• Collection and preservation of local varieties of robust cultivars and documentation of 
their characteristics 
Research to develop climate resilient varieties of rice (i.e., heat, drought, salinity and 
submergence- tolerant varieties) 
Research to develop climate resilient cultivars of wheat and other food and nonfood 
crops, including vegetables 
Field trials and dissemination to farmers of the local robust cultivars and the newly 
developed varieties, in partnership with the extension service and NGOs 
Strengthening the capacity of key research institutes and scientists to undertake the 
work 
Actions under T1P2: 
• Identify likely changes in agro-economic zones and probable climatic parameters 
•  Develop climate resilient cropping patterns suited to different regions of the country 
• Field level trials of climate resilient cropping patterns and associated water 
management systems 
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• Develop seed supply and extension mechanisms 
 
Actions under T1P3: 
• Prepare GIS maps of areas vulnerable to droughts 
Develop and test adaptive measures in drought-prone areas by combining 
appropriate cultivars, cropping patterns and land and water management practices, 
and effective dissemination to farmers 
Besides, under Theme 2 on Comprehensive Disaster Management the two programme 
areas of flood forecasting and warning, and improvement of cyclone forecasting and storm 
surge warning also indirectly indicates the adaptation needs for agriculture. Similarly much of 
the programmes under Theme 3 on infrastructure (by and large water management 
infrastructure) directly affects agriculture, should be considered as future adaptation needs. 
Then again the Theme 4 on Research and Knowledge management has three programme 
areas namely local level climate change modeling which may help agricultural planning at 
local level, adaptation study on sea level rise and biodiversity changes have direct 
implications for agriculture. The fifth thematic area on mitigation has two programme areas 
which are related to agriculture broadly and includes emission from agricultural land and 
interventions in forestry. 
The upshot of the above discussion is that the BCCSAP provides a rather holistic framework 
for not simply adaptation in general and for agriculture in particular but also the programmes 
that need to be undertaken to facilitate actual adaptation at planning. Systemic and farm 
levels. 
In Second National Communication to UNFCC (MoEF, 2012), future adaptation needs have 
been divided into for four following categories: 
• Technological developments (e.g., new crop varieties, water management 
innovations);  
• Government programmes and insurance (e.g., agricultural subsidies, private 
insurance);  
• Farm management practices (e.g., crop diversification, irrigation); and  
• Farm financial management (e.g., crop shares, income stabilization 
programmes). 
Based on the categorization adaptation needs have been further classified into high, medium 
and low priorities, as shown in Table 5.1. This classification is priority based on the 
availability of adaptation fund allocated for agricultural sector.  
Table 5.1: Different adaptation trajectories envisaged with adaptation needs 
Adaptation Needs High Medium Low 
Technological 
developments 
New crop varieties + + + 
Resources management innovations + - - 
Government 
programs and 
insurance 
Agricultural subsidies + + + 
Private insurance + - - 
Credit support + + + 
Farm Crop diversification + + + 
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Adaptation Needs High Medium Low 
management 
practices 
Irrigation + + + 
Fertilizer + + - 
Pesticide + - - 
Seed + + - 
Farm financial 
management 
Crop shares + - - 
Income stabilization programs + + + 
Note: (+) = presence and (-) = absence 
In essence, available literatures demonstrate that, adaptation measures are needed in 
different aspects and scale. Technological development to modernize crop management 
system is one of them. Research for capacity building and innovation of different 
vulnerabilities resilient new cultivars is also emphasized for future adaptation. Crop 
insurance system has got special mention as future adaptation needs. Mainstreaming 
adaptation to climate change into policies and strengthening public-private partnership are 
also considered as major demand for future adaptation. Food security, nutrition and public 
health, disaster management and farm management are the core issues to formulate future 
adaptation needs.   
In this context, the present action tries to answer the following several policy questions:  
• What principles should be followed for adaptation under climate change in 
Bangladesh agriculture? 
• What are the possible technological options for major crops of Bangladesh in the 
context of Climate Change adaptation and their priorities based on the above 
principles? 
• What should be the implementation mechanism of adaptation which should cover 
the following aspects: 
• Present institutional mechanism and future framework for adaptation in 
agriculture 
• Financing needs for the presently identified options 
• Research needs for the future 
• A programme of actions taking all strands of options at planning, systemic 
and farmer levels  
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 6. Formulation of Technological Options for Adaptation 
6.1 Principles of Choice of Technology 
At the end of the previous chapter, several policy questions were raised. Of them the first 
two are sought to be discussed and answered here. First the principles of choice of 
technology for adaptation.  
The basic idea is to choose available techniques of crop agriculture and find out which of 
these can be formulated as technology i.e. a combination of techniques which may be used 
to manage the impacts of climate change. A suitable technology should have three basic 
characteristics to be considered for final choice and prioritization. These are: 
a. Is the technology good enough to ensure food and nutrition security? 
b. Is the technology remunerative enough for the farmer to be encouraged to adopt it? 
c. Will the technology be as low GHG emitting as possible? 
Given the earlier discussion on the demand for food and the present situation regarding 
domestic capacity to produce enough at least of rice, the basic staple and that such capacity 
will be under severe threat under climate change and climate related hazards, that 
population increase and income growth will put upward pressure on the existing demand, it 
is absolutely essential that food security at least in terms of availability from domestic 
production be maintained.  
Note that here the attempt is not simply to maintain and raise rice and cereal output but also 
of other food crops such as potatoes, pulses, oil seeds and others of comparatively better 
nutritive value so that nutritional standards may be raised. 
The issue of remunerative technology is important because without such guarantee, no 
farmer will be attracted towards such adaptation. How this may be remunerative may 
depend on several issues which will be discussed later. 
The third principle may seem somewhat surprising to many, but note that under the Paris 
Climate Change decisions, all countries are expected to lower their GHG emission. While 
there may be no absolute reduction in case of low developing countries as they experience 
many kinds of inefficiencies in economic activities including agriculture, it is better to 
examine what options the country has in this regard. 
Regarding final prioritization of the initially identified technologies, if all the principles are 
satisfied that is the best case scenario. However, it may be that only two constraints are 
satisfied. If these two are the first two, one may still accept it because the first two are 
national priorities.     
6.2 Choice of Adaptation Options 
The choice of technological adaptation options has been conducted using input-output 
relationships for two time slices: Near-Term (2010-2039) and Mid-Century (2040-2069). Ten 
different technology have been considered for the initial prioritization exercise taking into 
account different combinations of 17 major characteristics of technologies which represent 
nine identified adaptation options for the country.  
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6.2.1 The Toolkit 
A toolkit has been developed and tested by the CCAFS South Asia team in collaboration 
with the International Food Policy Research Institute (IFPRI) in New Delhi, India, for 
prioritization of climate-smart agriculture (CSA). This toolkit is intended to help in identifying 
the best climate-smart interventions in the short, medium and long-term under varying 
climate scenarios. Also, this toolkit may aid in determining the best possible interventions to 
increase farmers' resilience to climate change (CCAFS). The current version of the Climate 
Smart Agriculture Prioritization (CSAP) Toolkit is flexible in its capability to model agricultural 
production at a wide range of spatial and temporal scales. This prioritization toolkit includes 
bottom-up, bio-economic and data driven approaches to support sub-national and local 
scenario building and facilitate policy making. The toolkit can guide investment decisions and 
highlight the implications of such investments on income, employment, food security, and the 
environment. 
The use of the prioritization toolkit necessitates a detailed dataset that consists of location-
specific information on soil, crop varieties, areas planted, agronomic practices, irrigation and 
historical weather information along with socio-economic data. This database is then set 
within a spatially-explicit modeling framework that is capable of handling a wide range of 
constraints and scenarios. Future crop yields, water-use and emissions are then predicted 
for different climate-scenarios using crop-modeling techniques and empirical evidence. 
Based on the knowledge underlying the process, combination of inputs needed to achieve 
target yields are calculated. Some outputs are calculated based on input use and related 
output generation mechanism. An array of modelling approaches, tools, simple calculators 
etc. are necessary for estimating inputs required for achieving target yields and other 
subsidiary outputs. A schematic diagram (Figure 6.1) given below illustrates the mechanics 
of inputs-outputs relationships. 
 
Figure 6.2: Biophysical framework for generation of the data and parameters for the 
model toolkit 
 
(Source: P.B. Shirsath, P.K. Aggarwal, A. Dunnett, P. 2015) 
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The Biophysical framework of computational modelling involved in the generation of data 
and parameters for the model toolkit presented in Figure 6.1. The model integrates 
biophysical, agronomic, and socio-economic data to establish input-output relationships with 
water, fertilizer, labour and finally GHG emissions. The input-output relationships are 
expressed in per hectare basis. 
The methodology uses process based models such as dynamic crop simulation models, 
semi-empirical and empirical models. The database methodology works on principal of 
deriving either mass balances or energy balances and relating them through simplistic input-
output relations. The methodological summary of input and output calculation is given in 
Table 6.1. 
Importantly, the toolkit allows the user to identify robust decisions, that is, the best possible 
decisions under a set of uncertain circumstances. It is then possible to carry out trade-off 
analysis of alternative climate smart agriculture development pathways. 
Based on the dynamic pathways, the toolkit can support decisions on: 
• What crops to cultivate; 
• Which climate-smart agricultural technologies and practices to invest in; 
• Where to target that investment, and 
• When those investments should be made 
The toolkit prioritizes adaptation options for the short-term i.e. to 2030), while locating those 
priorities and within a Mid-Century (2050) agricultural growth pathway. 
Table 6.1: Processes and approaches used for mapping input-output relationship 
Process Approach 
Future climatic conditions 
(CMIP5)  AgMIP Climate Scenario Generation Tools with R 
Impacts of climate change 
on crop yields Dynamic crop growth simulation model (DSSAT ver4.6) 
Crop evapo-transpiration Reference evapo-transpiration: Hargreav’s method (Hargreaves et al., 
1985) 
Crop ET: FAO-56 single crop coefficient method (Allen et al., 1998) 
ET under yield reductions: FAO33-Crop yield response to water 
(Doorenbos and Kassam, 1979) 
Effective rainfall USDA formula (Dastane, 1974) 
Irrigation  Water balances on demand and supply side 
Fertilizer Mass balances between demand and supply of nutrient from soil, it 
includes supply from soil, manure, residues, and biological fixation 
Energy  For farm operations: based on secondary data; 
For irrigation: based on source of energy, ground water depth and 
irrigation requirements 
GHG emissions For crops using Cool Farm Tool (IPCC tier-II methodology) and for 
irrigation and machine use by relating it to energy use 
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6.2.2 Data Collection 
Data collection is the foremost work to set up the input-output relationships for prioritization 
of adaptation options. All required data has been collected from various sources. Overall 
picture of required data collection has been given below (Figure 6.2). A detailed data 
requirement for running input-output relationships is given in Annex III. 
Spatial Data 
Spatial administrative unit (District), agro-ecological zone/sub-zone category has been 
collected from NWRD (National Water Resources Database), BARC and SRDI. 
Soil data  
Spatial soil database i. e., land type, soil texture at national level has been prepared from 
upazilla Nirdeshika (sub-district level land and soil utilization guide) which is published by 
SRDI. Available moisture holding capacity, saturation factor, percolation rate, etc data have 
also been collected from different secondary sources like BRRI, BARI, SRDI and different 
literature review. 
Crop management and Yield data 
Crop statistics data (crop area, production and current reported yields, potential yields, and 
yields under rainfed and irrigated conditions) have been collected at district level from BBS 
(Bangladesh Bureau of Statistics) and DAE (Department of Agricultural Extension) and ARIs. 
Crop management data (crop calendar, planting dates, fertilizer use, irrigation 
requirement/status, varieties and their characteristics) have been collected from different 
research institutes (BRRI, BARI, BINA, etc.), Extension department (DAE), Universities 
(BAU, SAU) and from available literature.  
Hydromet Data 
Monthly maximum/minimum temperature and precipitation derived from the historical time 
series (daily) agro-meteorological data have been collected from the Bangladesh 
Meteorological Department (BMD). Ground water depth date has been collected from 
Bangladesh Water Development Board (BWDB). 
Input Costs and Output Prices 
For calculating benefit cost ratios, input costs such as seeds, biocide usage, residue, 
insurance, human/machine/animal labour, land rent, diesel, electricity, fertilizers and canal 
irrigation cost per season have been collected from BBS, ARIs and literature survey. Farm 
harvest prices, by-product prices, etc. have also been collected from the above mentioned 
sources. 
Crop Management Related Data  
To run the input-output relationships data on crop duration, fertilizer requirements and use 
efficiency, seed rate, harvest index, biological nitrogen fixation, nutrient content and 
application rate of FYM, change in machine usage due to change in tillage operations, and 
crop coefficient by growth stage; Besides these, month wise labour need, human labour 
(man-days) /machine labour/animal labour (hrs/crop season) are required. These have been 
collected from BBS, ARIs and literatures. 
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GHG Emission Data 
Data on GHG emissions has been derived from literature and also from CCAFS. This 
includes data on total CO2 emissions (kg CO2), total N2O emissions (kg N2O), total methane 
emissions (kg CH4), total GHG emissions (kg CO2), carbon stock change, etc. 
District level constraints, land availability, water availability, labour availability, land-unit 
constraints, crop suitability, technological suitability etc. have been assessed by the toolkit. 
 
 
Figure 6.2: Data collection procedure and prioritization process 
6.2.3 Climate Change and Generation of Climate Scenarios 
Climate change induced stresses will affect agriculture production and socio-economic 
welfare through complex causal pathways including temperature rise, drought or flood 
induced crop failure, pest and diseases, etc. Climate  directly or indirectly  influence climatic 
variables like maximum and minimum temperature, rainfall, etc.; directly or indirectly 
influences all soil and edaphic processes, hence, these processes will have climate change 
impacts though their magnitude may vary depending on sensitivity. Several tools like crop 
simulation models, weather generators, simple calculators, empirical evidences etc., can be 
used to model climate change impacts under different scenarios (Shirsath et al, 2015). 
In this study, AgMIP Climate Scenario Generation Tools with R has been used (ACSGTR 
2.2 available at https://github.com/agmip/AgMIP-Climate-IT-pilot-tools-R/archive/2.2.zip) for 
downscaling of GCMs. Delta method has been used for statistical downscaling. Ensemble 
mean of five GCMs for two representative concentration pathways (RCP 4.5 and 8.5) for two 
time slices: Near-Term: 2010-2039 and Mid Century:  2040-2069 are used. Besides the 
observed climate [30 years weather data (1980-2009) with CO2 concentration 361 ppm], the 
study was carried out using five sets of climate data for median future scenarios (CCSM4, 
GFDL-ESM2M, HadGEM2-ES, MIROC5 and MPI-ESM-MR), which were generated for 31 
BMD weather stations. These were generated by running AgMIP climate scenario 
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generation tools following the Guide for Running AgMIP Climate Scenario Generation Tools 
with R, Version 2.3.  Yields changes under climate change (with CO2 effect) have been 
simulated using DSSAT based crop growth simulation models. 
Table 6.2: GCMs CMIP5 (Coupled Model Inter-comparison Project) Scenario 
Modeling 
Center Model Institution 
NCAR CCSM4 ( The Community Climate System Model version 4 National Center for Atmospheric Research 
NOAA GFDL 
GFDLESM2M 
(Geophysical Fluid Dynamics 
Laboratory - Earth System Model) 
Geophysical Fluid Dynamics Laboratory 
MOHC 
(additional 
realizations by 
INPE) 
HadGEM2ES 
(Hadley Global Environment 
Model 2 - Earth System) 
Met Office Hadley Centre (additional 
HadGEM2ES 
Realizations contributed by Instituto Nacional 
de Pesquisas Espaciais) 
MIROC 
MIROC5 
(Model for Interdisciplinary 
Research On Climate/Atmos.) 
Atmosphere and Ocean Research Institute 
(The University of Tokyo), 
National Institute for Environmental Studies, 
and Japan Agency for Marine Earth Science 
and Technology 
MPIM MPIESMMR Max Planck Institute for Meteorology (MPIM) 
Table 6.3: Central year carbon dioxide concentrations for AgMIP climate scenarios 
and time periods, with the Current, RCP4.5 and RCP8.5 Mid-Century time.  
Scenario and Time Period Year Coverage Mid-year [C02] 
Baseline 1980-2009 1995 360 ppm 
RCP4.5 Near-Term 2010-2039 2025 423 ppm 
RCP8.5 Near-Term 2010-2039 2025 432 ppm 
RCP4.5 Mid-Century 2040-2069 2055 499 ppm 
RCP8.5 Mid-Century 2040-2069 2055 571 ppm 
Note: 
RCP 4.5 – Intermediate emissions This RCP is developed by the Pacific Northwest National Laboratory in the US. 
Here radiative forcing is stabilized shortly after year 2100, consistent with a future with relatively ambitious 
emissions reductions. 
RCP 8.5 – High emissions This RCP is consistent with a future with no policy changes to reduce emissions. It 
was developed by the International Institute for Applied System Analysis in Austria and is characterized by 
increasing greenhouse gas emissions that lead to high greenhouse gas concentrations  
6.2.4 Crop Modelling and Database Preparation for input-output relationships Setup 
Crop Models Used  
For conducting the crop simulations, (DSSAT Cropping System Model Ver. 4.6.0.036 -
develop) CERES-Rice, CERES-Wheat, CERES-Maize, Sub-tor- Potato and Lentil- Crop 
Grow modules have been used.  
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Administrative Database 
Bangladesh is divided into eight administrative regions called the Divisions, namely Dhaka, 
Mymensingh, Chittagong, Rajshahi, Khulna, Barisal, Sylhet and Rangpur and each 
composed several of districts. The divisions of the country are divided into 64 districts, or 
zillas. The districts are further subdivided into 509 sub-districts or upazilas and each of which 
is divided into unions, mouzas and villages at the lowest tier.  
Soil Database 
More than 450 soil series are recognized in Bangladesh. Soil series is usually defined as a 
group of soils formed from the same kind of parent material under similar conditions of 
drainage, vegetation, climate and time, and having the same sequence of soil horizons with 
similar differentiating properties. Thirty-two benchmark soil series have been used in this 
study.   
Soil profile data i.e., horizon-wise data on  sand, silt and clay; organic carbon content, 
nitrogen, pH, CEC, moisture holding capacity, saturation factor, percolation rate, rooting 
depth factor etc data for 32 benchmark soil series have been collected from different 
secondary sources like SRDI and different published materials. . Detailed profile description 
and chemical composition of 32 soils are included in the DSSAT46 database as BD.SOL.  
Climate/Weather Database  
The country has a humid tropical climate. Rains start in mid June and end in October, and 
average 1,500 mm per year in drier regions to 5,000 mm per year in wetter regions. Winter 
in Bangladesh is from November to February, when the average minimum and maximum 
daily temperatures are about 9.7 and 26.6°C, respectively. Summer is the hottest period of 
the year, with temperatures generally above 32.2°C but rarely exceeding 40.0 °C. Maximum 
solar radiation occurs during March, April, and May and ranges from 18 to 16 MJ m-2 per 
day; minimum solar radiation occurs during December and ranges from 14 to 12 MJ m-2 per 
day. 
6.2.5 Target Yield 
The target yield methodology (Hengsdijk et al., 1996) has been employed for developing 
database for prioritization, where the target yields are the basis for calculating all required 
inputs (e.g.; N, P, K, water, etc.) and outputs (e.g. yeilds, cost of production, emissions, etc). 
Current reported yield data has been used for the existing or current level technologies. For 
all the selected crops disaggregated yield data on rainfed and irrigated are not available. 
Therefore, DSSAT based crop simulation models have been used to estimate it. 
For improved or climate smart technologies, yields have been calculated through bridging 
yield gaps between current yields and the potential yields. Potential yields which represents 
genetic limit for each cultivar, these have been estimated with DSSAT based crop simulation 
models under non-limiting nutrient and water conditions. The yield gap to be bridged will 
depend on the nature of technology, crop, natural resources and climate of the location. 
Crop models can assist in deciding the level of bridging of yield gaps in proportionate with 
the characteristics of the technology.  
6.2.6 Input-Output Calculations 
Combination of inputs needed to realize target crop yields and all other relevant outputs 
have been calculated for two representative concentration pathways (RCP 4.5 and 8.5) and 
two time slices: Near-Term: 2010-2039 and Mid Century:  2040-2069 for each land unit, and 
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technology combinations. Through running the input-output relationships the major inputs 
like- costs of inputs (fertilizer, labour, water etc.) irrigation requirements by source, labour 
requirement by type have been assessed, while the major outputs are yields, by-products, 
and GHG emissions.   
6.2.7 Production Technologies Used 
Depending on the natural resources base such as soil, water, and climate the technological 
intervention is designed for a given crop. Besides agro-ecological context, the yield goals 
achieved through a technology depends on its characteristics of production activity, which 
includes inputs required to realize the yield goal. The technological intervention can be made 
either as a single intervention or as an assemblage of interventions. Potential technologies 
can be grouped as current or improved technologies. As the objective of this study is to 
prioritize climate-smart interventions, the chosen technology should qualify as climate smart 
agriculture. In other words, while adapting to climate change, it should increase production 
and economic return, and mitigate GHG emission wherever possible. 
The adaptation strategy that has been formulated is centred around the adoption of various 
yield increasing technologies which are also at the same time helpful in adapting to various 
impacts of climate change. Various technologies ranging from current farmer practices to 
very advanced farming practices have been considered to evaluate their trades-off between 
food production, net return and GHG emissions. These technologies are package of 
practices/interventions (Annex II). For different target yields different levels of technologies 
are used. Ten different levels of technologies have been considered for this study, out of 
these two technologies are for rainfed systems. For different level of technologies there are 
different levels of target yields. These target yields have been estimated using procedure 
explained in earlier section. For illustration 10 different levels of technologies have been 
considered, out of these two technologies are described for rainfed systems. The major 
technology characteristics are presented in Table 6.4. Current cultivation practices are 
characterized by T1 and T2. The other technologies are further grouped as input 
intensification technology (T4 to T6) and climate smart technology (T7 to T10). For improved 
rainfall technology, T3 the yield increase as a result of technology interventions has been 
simulated using DSSAT crop models and the ratio of yield increase/decrease over baseline 
yields has been determined for each LUT (64 LUTs as districts) and used to fix the target 
yields. Similarly, for other technologies simulation and expert judgment have been used to 
arrive at bridging level of yield gap with respect to current irrigated technology, T2. The yield 
levels have been carefully set so that it correspond with the type and nature of technology. 
Note that the technologies described here are not generally exotic. Some of these are 
already in use widely (such as T1 and T2) but others even the T10) are either is used by 
some or at least been experimented with in the country and thus all are off-the shelf 
technology. 
Table 6.4: Major characteristics of production technology 
Technology Characteristics T1 T2 T3 T4 T5 T6 T7 T8 T9 T 10 
Traditional cultivars √ √                 
Fertilizer application required 
to realize target yields √ √ √ √ √ √ √ √ √ √ 
Water conservation practices     √               
Index based Insurance     √           √ √ 
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Technology Characteristics T1 T2 T3 T4 T5 T6 T7 T8 T9 T 10 
Improved cultivars     √               
Seed replacement     √ √ √ √ √ √ √ √ 
Biocide application   √   √ √ √ √ √ √ √ 
Additional secondary tillage         √ √          
Leaf Color Charts rice, wheat 
and maize)             √ √ √ √ 
Laser leveling             √ √ √ √ 
Water management             √ √ √ √ 
Residue incorporation               √ √ √ 
Reduced tillage               √ √ √ 
Alternate Wetting Drying 
(rice)                 √ √ 
Site specific Nitrogen 
management                   √ 
Improved irrigation pump 
efficiency                   √ 
Farmer trainings                   √ 
Average yield gap reduction 
(%) - - 15 15 30 50 15 30 50 75 
Where, T1 and T2: Current rainfed and irrigated technology; T3: improved 
rainfed technology; T4 to T6: Different levels of intensification technology (Low to High); and 
T7 to T10: Different levels of Climate Smart Technology (Low to Very High). 
6.2.8 Validation of input-output relationships 
The input-output relationships has been simulated with baseline scenario in order to validate 
the simulated outputs with the reported data. Report on the Cost of Production of T Aman, 
Wheat, Boro, Maize, Potato, Lentil, T Aus, Mustard and Khesari crops 2008-09 has been 
used for this purpose. 
Input Cost 
Seed 
The reported per hectare seed cost of the selected crops has been taken from BBS. The 
simulated seed rate has been considered same as observed. But the per kg seed price has 
been considered from different sources. For this reason, the simulated seed cost is higher 
for rice crops but lower for non-rice crops than the observed seed cost (Table 6.5 & 6.6). 
Fertilizer 
The simulated per hectare fertilizer cost of different crops has been estimated based on kg 
of NPK requirement per tonne of crop, per hectare crop production, NPK use efficiency, 
status of organic matter content and NPK in soil and price of per kg of N, P and K fertilizers 
(Table 6.5 & 6.6). The reported per hectare fertilizer cost of different crops has been 
collected from BBS. The reported and simulated per hectare fertilizer cost are presented in 
Table 6.5 & 6.6 and Figure 6.3 below.  
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Figure 6.3: Fertilizer cost (BDT/ha) for Nitrogen, Phosphorus and Potassium 
Biocides 
The reported per hectare biocides cost for different crops has been collected from BBS.  
Same cost has been used in the Toolkit run (Table 6.5 & 6.6). 
Irrigation 
The reported irrigation cost per hectare for the selected crops has been collected from BBS. 
Simulated irrigation cost has been estimated based on assessment of crop water demand, 
ground water depth, water use efficiency, pump efficiency and cost of per litre diesel and per 
KHW electricity. It has been found that simulated per hectare irrigation cost is slightly higher 
for T Aman, Wheat, Lentil, T Aus, Mustard and khesari crops but much lower for Boro and 
Potato crops than the reported cost (shown in Figure 6.4). The irrigation cost for Boro crop is 
much higher because our farmer use more water than the requirement (Table 6.5 & 6.6). 
 
Figure 6.4: Irrigation cost (BDT/ha) for selected crops 
Labour 
Labour cost includes, the total number of labour involved per hectare in seed-bed 
preparation, plucking of seedling, sowing/planting, weeding, harvesting, thrashing activities 
for producing different crops. It is to be mentioned that the total number of labour includes 
both family and hired labour.  The reported labour cost per hectare has been collected from 
BBS. The number of labour involved in different stages of crop cultivation and cost per 
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labour has been considered for simulating per hectare labour cost. The reported and 
simulated per hectare labour cost has been found similar (Table 6.5 & 6.6).  
Land Preparation 
Before sowing/planting of seeds/seedlings land has to be prepared by tilling. Generally, land 
is tilled by local plough or power tiller. Presently, in our country land is tilled mostly by power 
tiller. The reported land preparation cost has been taken from BBS. The simulated land 
preparation cost has been considered total machine labour hr/ha and total animal labour 
(bullock pair/day) days and per unit cost of these items. The reported and simulated cost of 
land preparation has been found alike (Table 6.5 & 6.6). 
Land Leasing 
Leasing means the land taken by the farmer for cultivation of crops only on payment of 
money to the land owner. The reported leasing cost for different crops has been collected 
from BBS. Same cost has been used in model for estimation of production cost.  
Cost of Production 
Total per hectare cost of production includes fertilizers (N, P, K and FYM), biocides, 
irrigation, labour, land preparation both animal and machine, seed and leasing cost. Besides 
these costs, other costs include cost for cleaning of paddy after thrashing and any other 
related costs are not included in planting, weeding, harvesting and thrashing. Per hectare 
total production cost has been collected from BBS, which is reported per hectare total 
production cost. The simulated per hectare total cost of production has been estimated using 
input-output relationships. The reported and simulated per hectare total cost of production is 
presented in Figure 6.5 and Table 6.5 & 6.6. 
 
Figure 6.5: Cost of production (BDT/ha) for selected crops 
Gross Return 
The reported per hectare gross return has been collected from BBS. The simulated per 
hectare return has been estimated by multiplying per hectare production of product and by-
product multiplied and unit price of these items. It is to be mentioned here that the total cost 
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includes both family and leasing cost. The per hectare reported and simulated gross return 
for different crops is presented in Figure 6.6 and Table 6.5 & 6.6.  
 
Figure 6.6: Gross return (BDT/ha) for selected crops 
Net Return 
The reported per hectare net return has been collected from BBS. The simulated per hectare 
net return has been estimated by deducting per hectare total cost of production from gross 
return. The simulated and reported net return per hectare of different crops are presented in 
Figure 6.7 and Table 6.5 & 6.6. 
 
Figure 6.7: Net return (BDT/ha) for selected crops 
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Table 6.5: Reported values for per hectare cost of production of different crops (BBS: 
2008-2009) 
Item T. Aman Rice Wheat 
Boro 
Rice 
Rabi 
Maize Potato Lentil 
T Aus 
Rice 
Mustard 
(local 
&HYV) 
Khesar
i 
Fertilizer Cost 6566 7008 7816 15694 25143 1816 3338 7495 395 
Irrigation Cost 818 1782 21483 3852 4347 222 1040 504 0 
Labour Cost 21229 6360 18949 8932 14683 5655 17864 5707 4698 
Machine+  
Animal 5053 5612 4700 4643 7181 3588 5041 4218 586 
Biocide Cost 1048 255 1483 1174 7065 210 806 175 0 
Seed Cost 1455 4754 1023 5903 33463 3808 949 820 3385 
Total 
Production 
Cost 
48314 34723 66358 48396 92717 15264 37706 18936 8985 
Gross Return 62446 46869 81352 70279 151120 49639 55139 28286 26633 
Net Return 14132 12145 14994 21884 58404 34375 17433 9350 17648 
Source: BBS, Report on the Cost of Production of T Aman, Wheat, Boro, Maize, Potato, Lentil, T Aus, Mustard 
and Khesari crops 2008-09 
Table 6.6: Simulated values for per hectare cost of production of different crops 
Item T Aman Rice Wheat 
Boro 
Rice 
Rabi 
Maize Potato Lentil 
T Aus 
Rice 
Mustard 
(HYV) Khesari 
Fertilizer Cost 6581 3327 15814 17959 19382 215 6077 3259 20 
Irrigation Cost 2206 2212 8649 3196 1259 1346 3110 1484 858 
Labour Cost 21229 6360 18949 8932 14683 5655 17864 5707 4698 
Machine+ Anima  5053 5613 4699 4644 7180 3587 5041 4217 586 
Biocide Cost 1048 255 1483 1174 7065 210 806 175 0 
Seed Cost 2023 2874 2860 2759 18660 2088 947 389 1777 
Total Production 
Cost 52494 31056 67748 51049 84747 19103 45332 21680 13377 
Gross Return 65259 50223 82230 74410 152960 53150 61334 44132 28898 
Net Return 12765 19168 14482 23361 68212 34047 16002 22452 15521 
Source: Input-output relationships, CEGIS 2015 
6.3 Prioritized Adaptation Options 
Results from input-output relationships have been analyzed to prioritize technology options 
for three time slices Base (2008-09), Near-Term (2010-2039) under and Mid-Century (2040-
2069). Comparison of food grain production for different crops and food demand has been 
performed for above mentioned time slices. Three types of demand have been taken into 
consideration for this comparison. These are: 
Demand 1: As per HIES (Household Income Expenditure Survey) 2010 food consumption 
data for all crops is considered in Table 6.7 plus 11.58 % of loss for seed, feed & wastage as 
per study on 'Seed, Feed and Post-Harvest losses'  
Demand 2: As per DDP (Desirable Dietary Pattern), 2013 data plus 11.58 % of loss for 
seed, feed & wastage as per study on 'Seed, Feed and Post-Harvest losses for all cereal 
crops. 
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Demand 3: As per HIES 2010 data plus other forms of rice 21.9 grams/capita plus 11.58 % 
of loss for seed, feed & wastage  as per study on 'Seed, Feed and Post-Harvest losses', only 
for rice crop 
Table 6.7:  Different Types of Demand (in Mt) for Selected Crops  
Crops 
Demand 1 Demand 2 Demand 3 
Base 
RCP 4.5 & RCP 8.5 
Base 
RCP 4.5 & RCP 8.5 
Base 
RCP 4.5 & RCP 8.5 
Near-
Term 
Mid- 
Century Near-Term 
Mid- 
Century 
Near-
Term 
Mid- 
Century 
Rice 25.5 32.1 36.4 21.5 27.0 30.6 26.9 33.8 38.3 
Wheat 1.6 2.0 2.3 3.1 3.9 4.4 Not Assessed 
Potato 4.3 5.4 6.2 6.1 7.7 8.8 Not Assessed 
Pulses 0.9 1.1 1.3 3.1 3.9 4.4 Not Assessed 
Maize Not Assessed Not Assessed Not Assessed 
Mustard Not Assessed Not Assessed Not Assessed 
Two categories of technologies (‘current rainfed + irrigated technology’ and ‘improved 
rainfed + irrigated technology’) have been taken into consideration for two scenarios RCP 
4.5 and RCP 8.5. In prioritization process, Production of crop, Gross Return, Cost of 
Production, Net Return and Net GWP (Global Warming Potential) Emission for different 
technologies have also been considered for optimization. In other words, prioritization of 
technologies has been done based on achieving food security status, economic benefit from 
production and capacity to combat climate change. The results are only indicative of what 
might happen. These are not definitive but can be a real guide to action if properly updated 
as new information are available.  
Given this, on the demand side, we believe that the Demand3 for rice and Demand2 for non-
rice should be the target to be fulfilled while the two scenarios, particularly RCP 4.5 and RCP 
8.5 in Near-Term and Mid-Century provide better plausible scenarios. Detailed analysis of 
crop-wise results has been given below: 
 Rice 
Rice is the dominant food crop of Bangladesh. It is grown in a multitude of environments, 
either solely or in rotation with dry land crops. Thus the major cropping patterns in 
Bangladesh are rice based and almost all segments of the cultivated land are cropped with 
at least one rice crop annually. The total cropped area of Bangladesh is about 14.9 million 
ha of which rice covers about 11.5 million ha (77%). Three types of rice viz, Aus, Aman and 
Boro are grown in Bangladesh in three different season. Among the rice crops, the 
percentage of Aus, Aman and Boro are 9.6%, 50% and 41.4% respectively (BBS, 2011). 
These three rice crops has been considered for prioritization of technologies. 
Base 
Comparison of rice production and rice requirement (Figure 6.8 to Figure 6.11) shows that, 
combination of current rainfed and current irrigated technology (Tech2+ 1) are sufficient to 
meet rice demand for base condition with respect to all of three demand types (Demand 1, 
Demand 2 and Demand 3). Because, rice requirements are 25.53 Mt (million metric ton), 
21.48 Mt and 26.88 Mt for Demand 1, Demand 2 and Demand 3 respectively, whereas, rice 
production is about 30.9 Mt for Tech2+1. Other technologies like TechX+1 are also sufficient 
to meet rice demand for base condition (Figure 6.8). 
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Figure 6.8: Rice production, demand and net GWP under base condition 
Similarly, all other technologies in association with current rainfed or improved rainfed 
technology are also sufficient to meet rice demand for the base condition with respect to all 
three demand types. Rice production would be increased about 5% to 27% under different 
technologies than the current irrigated technology. Present net return from rice crop of 
Bangladesh is about Bangladeshi Taka (BDT) 140.3 billion (Irrigated: BDT 126.6 billion and 
Rainfed: 13.8 billion). However, net return would be increased by about 2.6%, 0.9% and 
24.6% under Tech4, Tech7 and Tech10 and decreased by about 25.1%, 35.7%, 21.0% and 
4.3% under Tech5, Tech6, Tech8 and Tech9 respectively compared to the current irrigated 
technology (Tech2). As a result, this would obviously make the farmers more inclined to 
adopt Techs 4, 7 or 10. 
Net emission in terms of GWP from rice fields is about 29.1 Mt CO2 under Tech2+1 [current 
irrigated (27.0) and rainfed (2.1) technologies]. It would be increased by about 0.5%, 1.5%, 
2.4% and 0.5% under Tech4, Tech5, Tech6 and Tech10 and decreased by about 13.3%, 
12.9% and 13.2% under Tech7, Tech8 and Tech9 respectively compared to the current 
irrigated technology (Tech2). Rice Production, Gross return, Total Cost of Production, Net 
Return and Net GWP of the country under Base and RCP 4.5 and RCP 8.5 climate change 
scenarios by different technologies are presented in Annex IV. 
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Note: Black outlined bar represents net emission and non-outlined bar represents production under different 
technologies 
Figure 6.9: Rice production, rice Demand1 based on HIES 2010 and net GWP of 
Bangladesh under Base and RCP 4.5 and RCP 8.5 climate change scenarios by 
different technologies 
 
Figure 6.10: Rice production, rice Demand2 based on DDP 2013 and net GWP of 
Bangladesh under Base and RCP 4.5 and RCP 8.5 climate change scenarios by 
different technologies 
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Figure 6.11: Rice production, rice Demand3 based on HIES 2010+Others and net GWP 
of Bangladesh under Base and RCP 4.5 and RCP 8.5 climate change scenarios by 
different technologies 
Near-Term (RCP 4.5 and RCP 8.5) 
Rice production would be decreased about 0.5 Mt and 0.6 Mt in RCP4.5 and RCP8.5 climate 
change scenarios respectively under current irrigated along with rainfed technologies 
(Tech2+1). As a result, the gross return would be decreased by about BDT 15.4 billion and 
BDT16.5 billion and net return would be decreased by about BDT 11.1 billion and BDT 11.7 
billion under RCP4.5 and RCP8.5 scenarios respectively,  On the other hand,  net GWP 
would be increased by about 0.8 Mt CO2 under both RCP4.5 and RCP8.5 scenarios (Annex 
IV). 
In case of RCP 4.5 and RCP 8.5 scenarios, Figure 6.9 shows that, Tech2, Tech4 and Tech7 
with Tech1 or Tech3 would not be sufficient to achieve rice Demand1 based on HIES, (2010) 
by 2030. However, Tech5, Tech6, Tech8, Tech9 and Tech10 with Tech1 or Tech3 would be 
capable to meet rice Demand1. Among these technologies, net return would be maximum 
for Tech10 and net GWP would minimum for Tech9. 
Figure 6.10 also shows that, all technologies (Tech4+1 to Tech10+1) would be sufficient to 
meet up rice Demand2 based on DDP, (2013) under both RCP4.5 and RCP8.5 climate 
change scenarios. However, net return would be maximum for Tech10 and net GWP would 
be minimum for Tech7 and Tech9.  
Tech6, Tech9 and Tech10 with Tech1 would be suitable to meet up Demand3 (Figure 6.11). 
Among these technologies net return would be maximum for Tech10 and minimum net GWP 
would be in case of Tech9 (Annex IV). 
Mid-Century (RCP 4.5 and RCP 8.5) 
Rice production would be decreased by about 0.7-0.8 Mt in both RCP4.5 and RCP8.5 
climate change scenarios under current irrigated with rainfed technologies (Tech2+1). For 
this reason, under this technology, gross return and net return would be decreased by about 
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BDT 20.1 billion and BDT 15.5 billion respectively. However, net GWP would be increased 
by about 3.4 Mt CO2 under both RCP4.5 and RCP8.5 scenarios (Annex IV).  
More importantly, none of the technologies except, Tech10 with Tech1 would be able to 
meet up Demand1 (Figure 6.9). However, Tech9 would produce only 0.6 Mt less rice than 
that required to fulfil Demand1 but reduce net GWP by 63% (17.4 Mt CO2) compared to 
Tech10. 
Figure 6.10 show that, all technologies (Tech 3+1 to Tech10+1) except Tech2+1 would be 
sufficient to meet up Demand2 of rice under both RCP4.5 and RCP8.5 climate change 
scenarios. However, the net return would be maximum for Tech10 but minimum net GWP 
would for Tech7 and Tech9. 
Only Tech10 with Tech1 would be suitable to meet up the Demand3 (Figure 6.11). However, 
Tech9 would produce 8% (2.7 Mt) less rice while reducing 63% (17.4 Mt CO2) net GWP than 
the Tech10. 
On the whole, therefore, what we observe based on the model runs that presently, most 
used technologies are enough to meet the current demand inclusive of wastage and other 
demands.  But these would not be 
sufficient in most cases by 2030 and 
definitely 2050 to meet up the full 
demand except those based on dietary 
requirements. 5  Tech10, Tech9 and 
Tech6 with rainfed (Tech1) or improved 
rainfed (Tech3) are suitable for meet 
rice demand during Near-Term. 
Whereas, net return would be 
maximum for Tech10 and net GWP 
would be minimum for Tech9. Only 
Tech10 with Tech1 or Tech3 would be suitable to meet up the demand during mid-century.  
However, Tech9 would produce slightly less rice while reducing huge amount net GWP than 
the Tech10. Therefore, it is clear that the present array of technologies needs to be 
buttressed with the innovations of new technologies or their extension. The country has at 
most 10-15 years to prepare itself for such eventualities. 
Non Rice Crop 
Major non rice crop viz, Wheat, Maize, Potato, Pulses (Lentil and Khesari) and Mustard have 
been considered for prioritization of technologies. These six crops cover about 42% of total 
non-rice crop areas of Bangladesh. Among the non-rice crops, the share of wheat, maize, 
potato, pulses and mustard is 10.9%, 4.8%, 13.5%, 5.0% and 7.5% respectively (BBS, 
2011). 
Base 
Wheat: The current technology both irrigated and rainfed (T2+1) are not sufficient to meet 
domestic wheat demand under base condition with respect to both demands (Demand1 and 
Demand2). Because, wheat requirements are 1.6 Mt and 3.07 Mt for Demand1 and Demand 
2 respectively. Whereas, wheat production is only 0.85 Mt for Tech2+1 (Figure 6.12). 
5 A note of caution should be given here. The ideal dietary requirement calls for lower consumption of rice but far 
more of the other types of food including non-crop food. Hence only fulfillment of rice needs is not enough for 
food security and certainly not of nutrition security. 
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Figure 6.12: Wheat production, demand and net GWP under base condition 
Wheat production could be increased under the base condition by about 11% to 54% under 
different technologies compared to the current irrigated technology. But none of the 
technologies would not fulfil the existing demands. However, to meet up the existing 
Demand1 about 26% to 88% and for Demand2 142% to 262% wheat area need to be 
increased from existing 0.4 Mha under different technologies. Present net return from wheat 
is about Bangladeshi Taka (BDT) 6.8 billion (Irrigated: BDT 6.5 billion and Rainfed: 0.3 
billion). However, net return may be increased from 11% (Tech 7) to 63% (Tech10) with 
respect to the current irrigated technology (Tech2). Net emission in terms of GWP from 
wheat fields is about 377 kilo tonne (kt) CO2 under Tech2+1 [current irrigated and rainfed 
technologies]. It would be increased by about 9%, 24%, 43% and 22% under Tech4, Tech5, 
Tech6 and Tech10 respectively compared to the current irrigated technology (Tech2). Total 
GHG emissions would be sequestered by changes of carbon stocks under Tech7, Tech8 
and Tech9. 
Maize: Total maize production is about 0.67 Mt under current irrigated and rainfed (T2+1) 
technologies. Production would be increased about 4% to 22% under different technologies 
than the current irrigated technology. Present net return from maize is about BDT 2.4 billion. 
However, net return would be increased by about 0.1% and 4.3% under Tech7 and Tech10 
and decreased by about 3.0%, 24.2%, 31.4%, 11.6% and 2.6% under Tech4, Tech5, Tech6, 
Tech8 and Tech9 respectively compared to the current irrigated technology (Tech2). Net 
emission in terms of GWP from maize fields is about 170 kt CO2 under Tech2+1. It would be 
increased by about 6%, 15% and 26% under Tech4, Tech5 and Tech6 respectively and 
decreased by 3% under Tech10 as compared to the current irrigated technology (Tech2). In 
contrast Tech7, Tech8 and Tech9 would in contrast sequester carbon.  
Potato: The current technology, both irrigated and rainfed (T2+1) is sufficient to meet potato 
demand during base condition with respect to Demand1. Whereas, this technology is not 
sufficient to meet up Demand2. Because, potato requirements are 4.3 Mt and 6.1 Mt for 
Demand1 and Demand2 respectively whereas, potato production is about 5.35 Mt for 
Tech2+1 (Figure 6.13). 
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Figure 6.13: Potato production, demand and net GWP under base condition 
Potato production would be increased by about 16% to 80% under different technologies 
than the current irrigated technology. Present net return from potato in Bangladesh is about 
BDT 23.6 billion (Irrigated: BDT 21.6 billion and Rainfed: 2.0 billion). However, net return 
would be increased by about 23%, 27%, 52%, 21%, 30%, 56% and 105% under Tech4, 
Tech5,Tech6, Tech7, Tech8, Tech9 and Tech10 respectively when compared with the 
current irrigated technology (Tech2). Net emission in terms of GWP from potato fields is 
about 370 kt CO2 under Tech2+1 [current irrigated (335) and rainfed (35) technologies]. It 
would be increased by about 16%, 42%, 75% and 11% under Tech4, Tech5, Tech6 and 
Tech10 respectively compared to the current irrigated technology (Tech2). Total GHG 
emissions would be sequestered by changes of carbon stocks under Tech7, Tech8 and 
Tech9.  
Pulses (Lentil & Khesari): Total pulses production is about 0.15 Mt under current irrigated 
or rainfed technology, which is about 70% of total pulses production of Bangladesh. 
Production would be increased about 20% to 100% under different technologies than the 
current irrigated or rainfed technology. Present net return from pulse crops in the country is 
about BDT 3.7 billion. However, net return would be increased by 20 to 130% under different 
technologies than the current irrigated or rainfed technology. Net emission in terms of GWP 
from pulses fields is about 123 kt CO2 under Tech2. It would be increased by about 37%, 
48%, 58% and 45% under Tech4, Tech5, Tech6 and Tech10 respectively. Carbon would be 
sequestered by under Tech7, Tech8 and Tech9. 
Mustard: Total mustard production is about 0.22 Mt under current irrigated and rainfed 
technology (Tech2+1), which is about 71% of total oilseeds production of Bangladesh. 
Production would be increased by about 4% to 18% under different technologies than the 
Tech2+1. However, net return would be increased by about 2 to 39% depending on 
technology but decrease by about 2% under Tech6 compared to the current irrigated 
technology (Tech2). Net emission in terms of GWP from mustard fields is about 166 kt CO2 
under Tech2+1. It would be increased by about 5%, 17%, 30% and 15% under Tech4, 
Tech5, Tech6 and Tech10 respectively compared to the current irrigated technology 
(Tech2). Under Tech7, Tech8 and Tech9 carbon sequestration would take place.  
The upshot of the above discussion shows that in many cases, there are scopes for raising 
output and also net returns compared to the current technology in use. That means even 
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without climate change, the extension department should take measures to raise the over-all 
output. If this happens, it would be easier to encourage farmers to go for newer technologies 
under climate change scenarios.  
Near-Term 
Wheat: Wheat production would be decreased by about 0.02 Mt in RCP4.5 and increased 
about 0.01 Mt in RCP8.5 climate change scenarios under current irrigated with rainfed 
technologies. As a result, the gross and net return would be decreased by about BDT 0.88 
billion and BDT 0.43 billion and increased by about BDT 0.77 billion and BDT 0.21 billion 
under RCP4.5 and RCP8.5 scenarios respectively. However, net GWP would be increased 
by about 4 and 20 kt CO2 under RCP4.5 and RCP8.5 scenarios respectively (Annex V). 
 
Figure 6.14: Wheat production, Wheat Demand1 based on HIES 2010 and net GWP of 
Bangladesh under Base and RCP 4.5 and RCP 8.5 climate change scenarios by 
different technologies 
 
Figure 6.15: Wheat production, Wheat Demand2 based on DDP, 2013 and net GWP of 
Bangladesh under Base and RCP 4.5 and RCP 8.5 climate change scenarios by 
different technologies 
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Figure 6.14 and Figure 6.15 shows that, all technologies would not be sufficient to achieve 
wheat Demand1 and Demand2 based on HIES, 2010 and DDP, 2013 respectively. Among 
the technologies, net return would be maximum for Tech10 and net GWP would minimum for 
Tech9 (Annex V). 
Maize: Maize production would be decreased by about 0.01 Mt and 0.04 Mt in RCP4.5 and 
RCP 8.5 climate change scenarios respectively under current irrigated with rainfed 
technologies. As a result, the gross return would be decreased by about BDT 0.48 billion 
and BDT 0.32 billion and net return would be decreased by about BDT 0.06 billion and BDT 
0.2 billion under RCP4.5 and RCP8.5 scenarios respectively. However, net GWP would 
increase by about 2 kt CO2 under RCP4.5 and decrease by about 6 kt CO2 RCP8.5 
scenarios (Annex V). Maize under climate change scenario demand has not been assessed. 
Potato: Potato production would be increased about 0.23 Mt and 0.21 Mt in RCP4.5 and 
RCP 8.5 climate change scenarios under current irrigated with rainfed technologies. As a 
result, the gross return would be increased to about BDT 1.3 billion and decreased about 
BDT 0.3 billion under RCP4.5 and RCP8.5 scenarios respectively. However, the net return 
would be increased by BDT 0.56 billion and BDT 0.46 billion under the same scenarios. The 
net GWP would be increased by about 26 and 24 kt CO2 under RCP4.5 and RCP8.5 
scenarios respectively (Annex V).  
 
Figure 6.16: Potato production, Potato Demand1 based on HIES, 2010 and net GWP of 
Bangladesh under Base and RCP 4.5 and RCP 8.5 climate change scenarios by 
different technologies 
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Figure 6.17: Potato production, Potato Demand2 based on DDP, 2013 and net GWP of 
Bangladesh under Base and RCP 4.5 and RCP 8.5 climate change scenarios by 
different technologies 
Figure 6.16 and 6.17 show that, all technologies would be sufficient to meet potato Demand1 
based on HIES, 2010 but only Tech6+1, Tech9+1and Tech10+1 would meet up Demand2 
based on DDP, 2013. Among the technologies, net return would be maximum for Tech10 
and net GWP would minimum for Tech9 (Annex V). 
Pulses (Lentil & Khesari): Pulses production would be increased by about 0.01 Mt and 
0.02 Mt in RCP4.5 and RCP8.5 climate change scenarios respectively under current 
irrigated technology. As a result, the gross return would be increased by about BDT 81 
million and BDT 153 million and net return would be increased by about BDT 615 million and 
BDT 768 million under RCP4.5 and RCP8.5 scenarios respectively. However, net GWP 
would be increased by about 4.2 and 4.5 kt CO2 under RCP4.5 and RCP8.5 scenarios 
respectively (Annex V). Lentil and Khesari demand has not been assessed separately, but 
all comparisons are made against total pulses demand. None of the technologies would not 
be sufficient to achieved pulses Demand1 and Demand2 based on HIES, 2010 and DDP, 
2013 respectively. Therefore, pulses area needs to be increased to meet up the demand or 
new technologies must be devised to raise production over and above those of the presently 
available technologies. 
Mustard: Mustard production would be increased by about 0.01 Mt and 0.02 Mt in RCP4.5 
and RCP8.5 climate change scenarios respectively under current irrigated technology. As a 
result, the gross return would be increased by about BDT 37 million and BDT 257 million and 
net return would be increased by about BDT 368 million and BDT 578 million under RCP4.5 
and RCP8.5 scenarios respectively. However, net GWP would be increased about 12 and 
16 kt CO2 under RCP4.5 and RCP8.5 scenarios respectively (Annex V). Mustard demand 
has not been assessed.  
Mid Century 
Wheat: Wheat production would be decreased by about 0.07 Mt and 0.07 Mt in RCP4.5 and 
RCP8.5 climate change scenarios respectively under current irrigated with rainfed 
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technologies. As a result, the gross return would be decreased by about BDT 0.88 billion 
and BDT 1.1 billion and net return would be decreased by about BDT 1.1 billion and BDT 1.3 
billion under RCP4.5 and RCP8.5 scenarios respectively. However, net GWP would be 
increased by about 9 and 21 kt CO2 under RCP4.5 and RCP8.5 scenarios respectively 
(Annex V). 
Figure 6.14 and Figure 6.15 shows that, practically none of the technologies would be 
sufficient to meet up wheat Demand1 and Demand2 based on HIES, 2010 and DDP, 2013 
respectively. However, Tech6 +1 would just be able to meet the demand. Among the 
technologies, net return would be maximum for Tech10 and net GWP would minimum for 
Tech9 (Annex V). Thus, Tech 6 +1 may not be acceptable to farmers. Policy makers will 
have to decide which would be more important, meeting domestic demand or raising gross 
returns to farmers and meet the shortfall in supply through imports.  
Maize: Maize production would be decreased by about 0.05 Mt and 0.10 Mt in RCP4.5 and 
RCP8.5 climate change scenarios respectively under current irrigated with rainfed 
technologies. As a result, the gross return and net return would decrease to about BDT 0.48 
billion and BDT 0.96 billion, and BDT 0.3 billion and BDT 0.5 billion under RCP4.5 and 
RCP8.5 scenarios respectively. However, net GWP would be increased by about 3 and 11 kt 
CO2 under RCP4.5 and RCP8.5 scenarios respectively (Annex V). Maize demand has not 
been assessed. 
Potato: Potato production would increase by about 0.36 Mt and 0.36 Mt in RCP4.5 and 
RCP8.5 climate change scenarios under current irrigated with rainfed technologies. As a 
result, the gross return would increase by about BDT 1.3 billion and BDT 1.4 billion and net 
return would rise by about BDT 2.90 billion and BDT 2.93 billion under RCP4.5 and RCP8.5 
scenarios respectively. However, net GWP would increase by about 51 and 64 kt CO2 under 
RCP4.5 and RCP8.5 scenarios respectively (Annex V) 
Figure 6.16 and Figure 6.17 show that, all technologies except Tech2+1 are capable to meet 
the Demand1 but none of the technologies except Tech10+1 would be sufficient to achieve 
potato Demand2. Among the technologies, net return would be maximum for Tech10 and 
net GWP would minimum (actually sequestration of 331 Kt of CO2) for Tech9 (Annex V). 
Pulses (Lentil & Khesari): Under RCP4.5 and RCP8.5 climate change scenarios 
production of pulses would increase by about 0.01 Mt and 0.04 Mt respectively for current 
irrigated technology. As a result, the gross return would increase by about BDT 81 million 
and BDT 1400 million and net return would be increased by about BDT 688 million and BDT 
1900 million under RCP4.5 and RCP8.5 scenarios respectively. However, net GWP would 
be increased by about 11 and 24 kt CO2 under RCP4.5 and RCP8.5 scenarios respectively 
(Annex V). All technologies would not be able to meet pulses Demand1 and Demand2 
based on HIES, 2010 and DDP, 2013 respectively. Therefore, either new pulse production 
technology need to be devised or pulses area has to be increased to meet up the demand. 
Mustard: Mustard production would be increased about 0.01 Mt and 0.13 Mt in RCP4.5 and 
RCP8.5 climate change scenarios respectively under current irrigated technology. As a 
result, the gross return would be increased by about BDT 35 million and BDT 3.9billion and 
net return would be increased by about BDT 400 million and BDT 3.2billion under RCP4.5 
and RCP8.5 scenarios respectively. However, net GWP would be increased by about 24 and 
100 kt CO2 under RCP4.5 and RCP8.5 scenarios respectively (Annex V). Mustard demand 
has not been assessed. 
72 
Formulation of Technological Options for Adaptation 
 
None of technologies are sufficient to meet domestic wheat demand under base, near and 
Mid-Century time slices. However, wheat production would be increased about 36% and 
54% under Tech9 and Tech10 
respectively than the current irrigated 
technology. Whereas, net return would 
be maximum for Tech10 and net GWP 
would be minimum for Tech9. 
Therefore, wheat area need to be 
increased from existing 0.4 Mha and 
current technology might be replaced by 
Tech9 or Tech10 to meet the existing 
and future wheat demands. In case of 
maize, Tech10 is the best technology, 
which would produce maximum with 
maximum net return than other 
technologies. 
All technologies except the current 
technology is not sufficient to meet 
potato demand (based on dietary 
requirement) under base condition. 
But Tech6, Tech9and Tech10 with 
rainfed (Tech1) or improved rainfed 
(Tech3) technologies would be 
sufficient to meet potato demand in 
Near-Term. Only Tech10 would be 
sufficient to achieved potato demand 
in mid-century. Among the 
technologies, net return would be 
maximum for Tech10 and net GWP would minimum for Tech9. Therefore, current 
technology would be replaced by Tech9 or Tech10.  
None of technologies are sufficient to 
meet domestic pulses and oilseeds 
demand under base, near and mid-
century. However, Tech10 is the best 
technology, which would produce 
maximum production with maximum net 
return than other technologies. 
Therefore, either new pulses & oilseeds 
production technology need to be 
devised or areas of these crops has to be 
increased to meet up the demand. 
6.4 Clustered AEZs wise Crop-Technology Portfolio 
Bangladesh has 30 agro-ecological zones covering 64 districts of the country. The mosaic of 
districts and AEZs become quite complex for development planning and execution. 
Therefore, these 30 AEZs have been clustered into 11 AEZs based on the similarities with 
respect to dominant physiography, agricultural land use and relative size of the zones.  
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To find out suitable priority crops in these clustered AEZs, crop production, net return and 
Green House Gas (GHGs) emission of current technologies (Tech1 and Tech2) have been 
compared  with other proposed technologies (Tech3 to Tech10) for Near-Term and Mid-
Century considering both RCP4.5 and RCP8.5 scenarios. Main focus of this comparison was 
to check higher crop production, higher net return and less GHGs emission from current 
technologies. If, these conditions satisfies in all scenarios and timeframe for a specific crop 
and clustered AEZs, only then, that respective crop has been considered suitable for the 
respective clustered AEZs and timeframe in consideration with climate change.      
Clustered AEZs wise crop-tech portfolio mapping has been described below:  
1. T. Aman 
Traditional rainfed and irrigated technologies Tech1 and Tech2 remain suitable for T. Aman 
in Beel and Basin Agro-ecology, Hill Agro-ecology and Meghna-Surma Floodplain region 
even for future in consideration with crop production, net return and Green House Gas 
(GHGs) emission, where preferences have been given on maximizing crop production, 
maximizing net return and minimizing GHGs emission than base condition. Whereas, Tech1 
is suitable for other clustered agro-ecological regions along with climate smart technology 
Tech9.     
2. Boro 
Suitable technologies vary from AEZ to AEZ for Boro crop production. In Barind Tract region, 
existing technologies fail to remain suitable for future condition. Climate smart technologies 
Tech7 and Tech10 are suitable in this region, though Tech10 is subject to higher GHGs 
emission. Tech7 is also suitable for Beel and Basin Agro-ecology, Char Land, Piedmont 
Plain and Teesta-Karatoya Floodplain regions. Tech7 along with Tech9 are suitable for Hill-
Agro ecology regions. On the other hand, current rainfed and irrigated technology Tech2 
remains suitable in Brahmaputra Floodplain, Ganges Floodplain, Madhupur Tract, Meghna-
Surma Floodplain and Tidal Floodplain regions for future condition.      
3. T. Aus 
Existing technologies remain suitable in almost all of the agro-ecological regions for T. Aus 
crops i.e. Barind Tract, Beel and Basin Agro-ecology, Brahmaputra Floodplain, Char Land, 
Ganges Floodplain, Hill Agro-ecology, Meghna-Surma Floodplain and Tidal Floodplain. 
Other than these, Tech2 and Tech3 are suitable in rest of the agro-ecological regions.   
4. Wheat 
Wheat is a dominant non-rice crop in this country. For future wheat production, current 
rainfed and irrigated technology Tech1 along with climate smart technologies Tech8 and 
Tech9 are suitable in Barind Tract, Brahmaputra Floodplain, Ganges Floodplain and 
Piedmont Plain regions. Tech1 along with Tech9 are suitable for Beel and Basin Agro-
ecology and Meghna-Surma Floodplain regions. Tech3 along with Tech8 and Tech9 are 
suitable for Char Land and Teesta-Karatoya Floodplain. Current technologies fail to remain 
as suitable technologies in Hill Agro-ecology and Madhupur Tract regions. Tech3, Tech 5, 
Tech6, Tech8 to Tech10 are suitable technologies for these regions. In Tidal Floodplain, 
Tech3 to Tech5 and Tech7 and Tech9 are suitable technologies for wheat production.  
5. Rabi Maize 
For Rabi Maize, current technology Tech1 remain suitable even for future in Barind Tract, 
Brahmaputra Floodplain, Char Land, Ganges Floodplain, Madhupur Tract, Meghna Surma 
Floodplain, Piedmont Plain and Teesta-Karatoya Floodplain regions. Other than these, 
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current technologies fail to remain suitable in rest of the regions. Tech6, tech9 and Tech10 
are suitable in Beel and Basin Agro-ecology and Tidal Floodplain. Hill Agro-ecology region is 
subject to slightly different suitable technologies i.e. Tech5 to Tech6 and Tech8 to Tech10. 
6. Potato 
Current rainfed and irrigated technology Tech1 along with climate smart technologies Tech7 
to Tech9 are suitable technological options for potato production in Barind Tract and Teesta-
Karatoya Floodplain regions. Tech3 and Tech7 to Tech9 are suitable technologies for 
Brahmaputra Floodplain, Char Land, Ganges Floodplain, Madhupur Tract, Piedmont Plain 
and Tidal Floodplain. Beel and Basin Agro-ecology and Meghna-Surma Floodplain are 
subject to Tech3 and Tech7 to Tech10 in respect to suitability. Tech3 to Tech4 and Tech7 to 
Tech9 are suitable technologies for Hill Agro-ecology region.   
7. Lentil 
Current technologies fail to remain suitable for future condition except only one region 
Ganges Floodplain. Climate smart technologies Tech7 to Tech9 are also suitable for this 
region. Any technology among Tech3 to Tech9 other than existing technology is suitable for 
Barind Tract, Hill Agro-ecology, Madhupur Tract, Piedmont Plain and Teesta-Karatoya 
Floodplain regions. Tech3 and Tech7 to Tech9 are suitable technologies for lentil production 
in Beel and Basin Agro-ecology, Char Land and Meghna Surma Floodplain. Brahmaputra 
Floodplain and Tidal Floodplain are subject to same suitable technologies i.e. Tech3, Tech4 
and Tech7 to Tech9.      
8. Mustard 
For Mustard production, current technology Tech1 along with climate smart technologies 
Tech7 to Tech9 are suitable technologies in almost all of the regions i.e. Barind Tract, Beel 
and Basin Agro-ecology, Brahmaputra Floodplain, Char Land, Ganges Floodplain, 
Madhupur Tract, Meghna-Surma Floodplain, Piedmont Plain and Teesta-Karatoya 
Floodplain regions.  Tech3 to Tech5 and Tech7 to Tech10 are suitable for Tidal Floodplain 
region. One more technology Tech6 has been found suitable in Hill Agro-ecology region in 
addition to technologies for Tidal Floodplain.   
9. Khesari 
Current technology Tech1 along with climate smart technologies Tech7, Tech8 and Tech9 
are suitable for Khesari production in Beel and Basin Agro-ecology, Brahmaputra 
Floodplain, Char Land, Ganges Floodplain, Meghna Surma Floodplain, Madhupur Tract and 
Tidal Floodplain regions. Current technologies fail to remain suitable options for future in 
rest of the agro-ecological zones i.e. Barind Tract, Hill Agro-ecology, Piedmont Plain and 
Teesta-Karatoya Floodplain. Every technology among Tech3 to Tech10 are suitable in 
these regions. 
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Table 6.8: Clustered AEZs wise priority technologies for T. Aman, Boro and T. Aus 
 
 Most of the CS Technologies are appearing not suitable here for different cluster AEZ because of less net return compare to 
current technology, but they can satisfy food security as well as reduced emissions 
 However, CS technologies will suitable if we can overcome the barrier of technological cost. 
 These barriers can be reduced by providing subsidy on technological cost and ensuring fair price of product 
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Table 6.9: Clustered AEZs wise priority technologies for Wheat, Rabi Maize and Potato  
 
 Some of the CS Technologies are appearing not suitable here for different cluster AEZ because of less net return compare to 
current technology, but they can produce more production and less emissions 
 However, CS technologies will suitable if we can overcome the barrier of technological cost. 
 These barriers can be reduced by providing subsidy on technological cost and ensuring fair price of product 
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Table 6.10: Clustered AEZs wise priority technologies for Lentil, Mustard and Khesari  
 
 For pulses and oilseed technologies 7, 8 and 9 produces more product as well as more return and also less emissions 
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6.5 Expert Scrutiny for prioritized adaptation options 
A consultation meeting and a national level stakeholder workshop were organized to get 
expert opinions of stakeholders on identification of technological options for adaptation, 
validation of input-output matrix, prioritization of adaptation options and policy implications of 
it. In addition, stakeholder gave their opinion on proposed institutional arrangement, 
financing mechanism and future research needs. Finally, programme of actions were 
discussed to make this plan more actionable.  Stakeholders from different organizations like 
Ministry of Agriculture (MoA), Ministry of Food (MoF), Bangladesh Agricultural research 
Council (BARC), Bangladesh Agricultural Development Corporation (BADC), Bangladesh 
Agricultural Research Institute (BARI), Bangladesh Rice research Institute (BRRI), Soil 
Resources Development Institute (SRDI), Department of Agriculture Extension (DAE), 
Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Department of 
Environment (DoE), Bangladesh Institute of Development Studies (BIDS), International Rice 
Research Institute (IRRI), Food and Agriculture Organization (FAO), USAid etc. were 
spontaneously participated in workshops.  
Stakeholders positively agreed on overall optimization exercise as well as prioritized 
technologies.  However, they emphasized to include climate shocks in addition to 
temperature and rainfall change. Someone also mentioned to consider social aspects for 
optimization criterion other than achieving food security, lowering of GHGs and higher net 
return.  They also suggested to include this action plan in five year plan of Bangladesh. 
Everyone appreciated to conduct such well-timed study understanding the importance of 
future uncertainties of the country. It has been agreed that, this is indeed a wonderful study 
in the context of climate change through which NARS institutes of Bangladesh can 
understand the actions to be needed for future research in agriculture sector. Detail meeting 
minutes of the national workshop is given in Annex VIII.  
6.6 Research and Skill development Needs for Present and Future Adaptation in 
Agriculture  
The above analyses and other earlier discussion of climate change impacts indicate that one 
needs to create and disseminate new knowledge and also generate requisite data and 
information as well as have plans for skill development for carrying out these works. Broadly 
a non-exhaustive list may include the following: 
 Development and evaluation of various Climate Smart Technologies (fertiliser and  
water efficient,, bio-fortified varieties, cropping patterns and agronomic practices) in 
different Agro-ecological conditions/stress-prone hotspots and for various crops 
particularly Wheat, Oilseed and Pulses apart from rice 
 Data generation on climate change impact on major crops of Bangladesh though 
field experimentations 
 Creation of a district-wise database on required data for running dynamic crop 
models and socio-economic and Trade-off/ optimization models 
 Identification of appropriate Global/Regional Climate Models and generation of 
representative data for Bangladesh 
 Development of skills for conducting prioritization/optimization experiments 
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 7. Implementation Strategies of Adaptation for Agriculture:  
Institutional Issues 
7.1 Introduction 
At the end of Chapter 5, the issues of implementation of the adaptation plan of action have 
been stated to comprise of the following essential components, viz., how to institutionalise 
the process of implementation, how to finance the adaptation plan; what are the future 
research needs and finally the programme of action. This chapter shall examine the first set 
of issues, the research and skill development needs have already been discussed in the final 
section of Chapter 6. The rest will be consecutively examined in the subsequent chapters.  
7.2 Statement of the problem 
Devising an institutional framework for climate change management is not easy in 
Bangladesh.  There are several reasons behind the problem. First, is the so called Rules of 
Business of the Government. This stipulates that climate change is an issue to be dealt with 
by the Ministry of Environment and Forests (MoEF). That climate change entails various 
kinds of problems of development which needs investment and prior investigation on the 
impacts is often lost sight of. Secondly, sectoral policies in general, agriculture related 
policies in particular, except for some notable ones are hardly judged as issues of concern. 
One of the earlier chapters have elaborated on this limitations. Third, climate change being 
an ubiquitous issue and permeating the activities of practically all sectors and thus 
necessitating a coordinated planning but actions mainly at sectoral level particularly for 
investment is also hardly appreciated. As a result of all these, there are hardly any institution 
that is sensitive to climate change issues in sectoral ministries. And agriculture is no 
exception. In this chapter therefore we shall first discuss the institutions that are working and 
their mandates in general and then indicate how these may be changed for carrying out an 
adaptation options that has been discussed and analysed in earlier chapters.  
7.3 Policies on institutionalisation 
In one of the earlier chapters the policies related to agriculture has been discussed. Here we 
try to look up some of those again from the perspective of institutionalization.  We begin with 
the BCCSAP 2008/2009. 
7.3.1 BCCSAP 
The BCCSAP identified six thematic areas and corresponding programs related to key 
sectors, including agriculture and food security; livelihood; water resources; disaster risk 
management; and infrastructure. The BCCSAP also attaches importance to Low-Carbon 
Development. In addition, the Strategy outlines programmatic approaches such as 
institutional strengthening, human resource development, and research and knowledge 
management. The BCCSAP has identified 44 programs under the six thematic areas, and 
specifies institutions responsible for implementing these programs, including the 
government, civil society organizations, and the private sector. With a total timeframe of 10 
years (2009-2019), the implementation of this plan has been divided into four distinct 
phases.  
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It would be instructive to look at the institutions identified by BCCSAP for implementation of 
the thematic area on food security. The institutions specifically mentioned include the NARS 
and its constituents mainly for research and development of climate resilient (resistant to 
drought, prolonged submergence, salinity) cultivars, cropping patterns and systems; the 
Extension department for taking the research findings to the farmers and the Ministry of 
Agriculture for more system-wide adaptation activities, and the Ministry of Water for 
managing water stresses on a systemic basis. 
7.3.2  Agriculture Sector Development Strategy (7th Five Year Plan) 
The limited attention to climate change as a challenge to agriculture in the Seventh Plan has 
been discussed in an earlier chapter. Yet, in the chapter on Sustainable Development, 
Environment and Climate change, the Seventh Plan had made more elaborate analyses of 
the issues and problems as well as future strategies. While the discussion is more generic 
and not confined to specific sectors, the weaknesses of the institutional systems to manage 
climate change and its impacts as mentioned in the chapter clearly shows the extent of the 
problems. The Plan mentioned the following challenges to planning for, implementation and 
financing of the climate related programmes. The following problems have been identified:  
• Weak human and institutional capacity; 
• Limited understanding and knowledge of climate change and its impact and capacity 
to manage them; 
• Lack of prioritization of various climatic problems and programmes to remedy those 
for investment and financing leading to uncertainty about investment plans;  
• Weakness in implementation, monitoring and shared learning;  
• Limited financing of climate change related actions;  
• Limited or lack of institutional coordination by the MoEF with other ministries and 
organization; 
• Lack of institutions for coordination of climate change and related expenditure by 
public bodies and others  
The list indicates what might be the agenda for any institutional change or reform for 
adaptation to climate change. The most important issue appears to be the limited 
appreciation of the process and impact of climate change and the limited human and 
institutional capacity to prioritise, design, coordinate and finance relevant programmes 
and/or projects. 
Prior to the Seventh Plan, the Sixth Five Year Plan made a clear statement regarding 
subsuming the BCCSAP as part of the planning process and additionally specifically 
mentioned several programmes and projects for implementation during the Plan period. 
While not much came out of it that the Seventh Plan reiterated the process of integration of 
the BCCSAP into the planning process keeps the issue alive.  
7.3.3 National Adaptation Program of Action-2005  
National Adaptation Program (NAPA) updated on 2009 identified measures for adaptation 
which included quite a few projects for agriculture. But in addition it made observations 
regarding institutional development which still largely apply:  
"……that the institutional capacity including human resource quality in most such 
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organizations are weak and poor and needs substantial improvement if the challenges of 
climate change are to be faced squarely…." 
To remedy the situation, the NAPA recommended the following measures which include 
both capacity building and processes and contents of capacity-building. These include very 
briefly:  
Integrating Climate Change in planning, designing of projects including infrastructure, conflict 
management and land-water zoning for water management institutions; mainstreaming 
adaptation to climate change into policies and programs in different climate sensitive sectors 
(focusing on disaster management, water, agriculture, health and industry); inclusion of 
climate change issues in curriculum at secondary and tertiary educational institution; 
promotion of research on drought, flood and saline tolerant varieties of crops to facilitate 
adaptation in future; and development of eco-specific adaptive knowledge (including 
indigenous knowledge) on adaptation to climate variability to enhance adaptive capacity for 
future climate change.  
7.3.4 National Agricultural Policy-2013 
The National Agricultural Policy 2013 is actually a policy statement for crop agriculture only. 
For fisheries, livestock and forestry there are separate policies. The climate change issues 
have received only a reference in passing without any elaboration which is unfortunate given 
that in draft forms it was much better contextualised. Given that agriculture in general and 
crop agriculture in particular is the most climate-sensitive human activity and that food 
security is critically dependent on it, the extremely limited focus on it indicates that policy 
makers at high levels are still not sure of the possible adverse impacts and its societal, 
economic and political fall outs in near future and certainly in the long term.  
7.4 Agencies and institutions for agriculture 
Several types of organizations are involved with farmers directly or indirectly in managing 
agriculture. These include both public and private organizations. In the public sphere, one 
major group is the research institutions; the other is the extension service organizations and 
yet the third type includes highly operation related ones for ensuring seed quality and soil 
quality. Major Institutions implementing agricultural policies are: 
• Bangladesh Agricultural Research Council (BARC) 
• The whole NARS system including some 13 specialized research institutions  
• Department of Agricultural Extension (DAE) 
• Bangladesh Agriculture Development Corporation (BADC) 
• Soil Resource Development Institute 
• Agricultural Information Services 
• Area based major interventions such as Barind Multipurpose Development Authority 
(BMDA) 
Brief descriptions of the mandates and working of some of these organizations are provided 
below.  
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7.4.1 The Bangladesh Agricultural Research Council (BARC)  
The Bangladesh Agricultural Research Council (BARC) is the apex organization of the 
national agricultural research system (NARS). Its main responsibility is strengthening the 
national agricultural research capability through planning and integration of resources. It is 
also entrusted with the task of preparing the vision document and the national agricultural 
research plan according to the national priorities. This involves cooperative activities in 
association with several ministries of government: Agriculture, Forest and Environment, 
Fisheries and Livestock, Rural Development, Education, Industries, Commerce, Science and 
Technology, etc. BARC has the responsibility to coordinate research and foster inter-institute 
collaboration, monitor and review the research program of NARS institutes, assist institutes 
for strengthening research capacities and to establish system-wide operational policies and 
standard management procedures and to assure that each institute is optimally governed. It 
also has the mandate to enter into MoU based collaborative arrangements with similar 
organizations in other countries.  
7.4.2 The NARS  
The NARS includes several crop and non-crop research institutions. These are described 
below: 
Bangladesh Rice Research Institute (BRRI) is dealing with research and development in 
relation to rice production. The institute operates with 18 research divisions, 3 support 
service divisions and 8 sections at Head quarter and 9 regional stations in different agro-
ecological zones of Bangladesh. The total manpower is 676 of which 238 are scientists (at 
the time of writing this report). About one third of the scientists are highly trained 
professionals with PhD degrees. The Institute is equipped with modern research facilities 
that includes laboratories, greenhouses and experimental fields. Besides, seven of its nine 
regional stations also have reasonably good research facilities. Two newly established 
regional stations in Kushtia and Satkhira are yet to be developed fully.  
BRRI so far released 60 rice varieties. About 80% of the total rice area in the country is 
cultivated with BRRI varieties and these account for around 90% of the total rice production. 
It would not be an exaggeration to say that the present transformation of Bangladesh from a 
food deficit to food self-sufficient country had been possible due to a major contribution of 
BRRI.  
In the context of climate change, it should also be pointed out that BRRI has developed 
various climate stress-tolerant varieties which include tolerance to submergence, moderate 
salinity, and early maturity to escape drought stress. It has also developed bio-fortified rice 
such as those incorporating higher levels of zinc.  
Bangladesh Agricultural Research Institute (BARI) is the largest multi-crop research institute 
conducting research on a variety of non-rice crops, cropping and farming systems, plant 
protection, soil fertility management and water management, post-harvest handling and 
processing, farm implements and socio-economics related to production, processing, 
marketing and consumption. The Institute functions with three of its major components: a) 
Research wing consisting of 15 research divisions, 6 crop research centres, 6 regional 
research stations and 24 research stations and sub-stations, 9 farming system research and 
development sites (FSRD), 72 multi location testing sites at different agro-ecological zones 
of the country, b) Support Service wing providing all the logistic supports in research 
management as well as personnel management and monitoring infrastructural development 
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of the Institute and c) Training and Communication wing offers training to the scientists, 
extension workers, NGO officials and farmers.  
BARI has developed several climate tolerant varieties of various crops. But these are still in 
field trial.  
Bangladesh Jute Research Institute (BJRI) and Bangladesh Sugarcane Research Institute 
(BSRI) are devoted to as the names suggest with research on jute and allied fibres and 
development of sugarcane cultivation. BJRI is involved in addition to crop technology 
research in marketing and product development. With the recent complete sequencing of 
jute genome, it is expected that research for developing technology for jute cultivation will 
get a new boost.  
BSRI is mandated to conduct research and provide sugarcane cultivation technology to meet 
the demand of the farmers in the mill zones and non-mill zones and to keep sugarcane 
cultivation a viable enterprise for the farmers. The BSRI consists of a head-quarter, two 
regional stations, six sub-stations and a quarantine station. At the Headquarters, the 
activities are organized through 10 research divisions and support services.   
The Bangladesh Institute of Nuclear Agriculture (BINA) was established with mandate for 
undertaking research using nuclear techniques for development of new varieties of crops, 
scientific management of land and water, appropriate technologies for improvement of 
quality and quantity of crops, methodologies for control of diseases, insects-pests, 
agronomic and soil-plant studies. The research activities of BINA are managed through eight 
divisions including one on Training. BINA has made some commendable contributions to the 
development of crop mutants/varieties through induced mutations. These varieties of crops 
are: rice, jute, mustard, mung bean, black gram, chickpea and tomato which have got 
approval of the National Seed Board of Bangladesh for cultivation in farmers' field. 
7.4.3 The Department of Agricultural Extension (DAE)  
The Department of Agricultural Extension (DAE) is the largest public sector organistion and 
extension service provider in Bangladesh. Its mission is to provide needs based extension 
services to all categories of farmers and enabling them to optimize their use of resources, in 
order to promote sustainable agricultural and socio-economic development. The core 
objectives of DAE include increasing agricultural productivity, human resource development 
and technology transfer. DAE has contributed significantly to crop production, particularly in 
rice and wheat and help the country to attain self sufficiency in food. DAE has undergone 
many changes over years in its approach to extension.  
7.4.4 The Cotton Development Board (CDB)  
The Cotton Development Board (CDB) was established in 1972. Its activities include: (1)  
organizing Farmers' Association / Committees for extension of cotton cultivation and supply 
of agricultural inputs including quality seed, fertilizer, plant protection materials, irrigation 
etc., (2) imparting training to cotton farmers and establish demonstration plots, (3) 
encouraging ginning system for processing of seed cotton produced by the farmers, (4) 
facilitating the marketing of seed cotton at growers level, and (5) conducting research for 
continued cotton extension and production programs. CDB has apart from a HQ in Dhaka, 
four regional offices, and five research centres located in different parts of the country. In 
addition to research, production of breeder seed and foundation seed and training 
programmes for CDB staff and cotton farmers are also implemented in these centres. 
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7.4.5 The Bangladesh Agricultural Development Corporation (BADC)  
The Bangladesh Agricultural Development Corporation (BADC) created in 1961, 
spearheaded the revolution in minor irrigation in Bangladesh. Since the middle of 1980s, the 
Government has been progressively withdrawing its operation from procurement and supply 
of agricultural inputs. The first to go in the process was pesticide followed by fertiliser and 
BADC's withdrawal from minor irrigation is all but complete. The only input that BADC partly 
generates and supplies is certain kinds of seeds. Besides, BADC operates a few farms as 
well as a few agro-irrigation projects. Thus the role of BADC has undergone changes over 
the last three decades and been confined in recent times more to seeds supply and 
monitoring of minor irrigation. Yet, one gain finds some surge in activities of BADC 
7.4.6 The Soil Resources Development Institute (SRDI)  
The Soil Resources Development Institute (SRDI) was established in 1983 with the mandate 
of collecting soil samples from different parts of the country, storing and interpretation of soil 
related information and knowledge. Very broadly, SRDI activities are geared to the following 
outputs: (1) production of Upazila/Thana Land and Soil Resource Utilization Guide, (ii) 
production of maps, data series and other GIS services for research institutions, and (iii) 
promotion of soil tests for individual farmers. SRDI has a Headquarter at Dhaka along with 
four regional institutions and twenty district offices located in various part of the country. In 
addition, it runs a Salinity Management and Research Centre near Khulna and a Soil 
Conservation and Watershed Management Centre in Banderban.  
7.4.7  Agricultural Information Service (AIS)  
Agricultural Information Service (AIS) is the 'institutional memory' of the Ministry of 
Agriculture, which is entrusted with responsibility of providing mass media support to the 
agriculture sector in general and transferring agricultural technology from research station to 
the rural people of Bangladesh in particular. They work with radio, television, printed media 
and also produce documentary films, posters, folders, leaflets, booklets, newsletters, 
magazines, banners, festoons and etc. for creating awareness of the farmers on the new 
technologies, which assists in boosting up agricultural productivity in Bangladesh. Thus AIS 
is playing an important role in changing the traditional practice of the rural farmers that 
contributes to improving their livelihood.  
7.4.8 The BARIND Multi Purpose Development Authority (BMDA)  
The BARIND Multi Purpose Development Authority (BMDA) was constituted in 1992. The 
scope of activities of the Authority centers around- (a) augmentation of surface water and its' 
use, (b) development for effective water distribution system, control and maintenance of 
irrigation equipment and the Area Development Program, (c) electrification of irrigation 
equipment and that of small and cottage industries, (d) re-excavation of ponds for fish 
culture, (e) afforestation program for maintaining environmental balance, (f) diversified crop 
production through production of potato, wheat, maize, pulses and oilseeds using DTWs, 
STWs and power pumps. The Authority operates in parts of norh-west Bangladesh.  
7.5 Existing Institutional arrangements for climate change programming 
7.5.1 Climate change relevant institutions and activities 
When the international discourse on climate change began over two decades ago 
Bangladesh Meteorological Department (BMD) was the primary institution focusing on 
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issues related to the work of the IPCC in the early 1990s. Around the same period, the 
Government of Bangladesh formed an inter-ministerial steering committee and a technical 
advisory committee on climate change. The committees consisted of representatives of the 
GoB from various ministries along with civil society representatives. 
During 2004-2009, the Department of Environment (DoE) and its Climate Change Cell 
(CCC) under the over-all guidance of Ministry of Environment and Forests served as the 
technical support units under their Comprehensive Disaster Management Program (CDMP). 
DoE coordinated climate change research, and designed Bangladesh’s National Adaptation 
Program of Action (NAPA) in 2002-2005. The formulation of BCCSAP, however, was directly 
coordinated by the MoEF. Today’s institutional arrangements for climate change 
programming are divided primarily among the Ministry of Environment and Forest, 
coordination among government ministries, the Bangladesh Parliament, and local 
government. There are also funding agencies about which discussion is made in Chapter 8. 
7.5.2 Ministry of Environment and Forest (MoEF) 
The Ministry of Environment and Forest is the lead institution for work on climate change 
issues. The Ministry led the Initial National Communication (INCom) to the UNFCCC, 
revision of NAPA, the BCCSAP, and preparation of the Second National Communication 
(SNC) for the UNFCCC. During the last few years, it has coordinated the formulation of a 
Road Map for the Preparation of National Adaptation Plan, an INDC and at this moment 
formulating the Third national Communication.  
MoEF directs all climate change related policy issues and represents the country at 
international negotiations under the UNFCCC, a number of UNFCCC committees, and at 
conferences on multinational environmental agreements. The chief international negotiator 
on climate change for Bangladesh is from MoEF. 
Nationally, MoEF is the appointed institution to lead the implementation of climate change 
programming under the BCCSAP. The Minister for Environment and Forest generally 
responds to the queries on Bangladesh’s preparation and response to climate change in the 
national parliament. In early 2012, the lead position for MoEF was upgraded from a state 
minister to a full minister. This change recognized the importance of the Ministry and the 
climate change portfolio, and was a step that sought to enhance the clout and negotiation 
capacity of the Ministry among other ministries. The MoEF also chairs the Local Consultative 
Group (LCG) on Climate Change and Environment, which is an apex coordination 
mechanism between the government and development partners on environment and climate 
change programs. 
With the advent of international financing modalities on climate change and the availability of 
seed financing for three consecutive years from the government, MoEF has become active 
in mobilizing funds and instituting mechanisms for managing climate change funds. In 2010-
2011, MoEF formed a Climate Change Unit (CCU) to provide support to the Bangladesh 
Climate Change Trust Fund (BCCTF). 
7.5.3 Inter-Ministerial Coordination 
Although the strategic institutional framework for how government ministries are required to 
interact on climate change issues is not clearly articulated in any document including the 
BCCSAP, the main programming document so far, BCCSAP envisions climate change 
programming to function within a “multi-institutional architecture.” National institutions, which 
predominantly represent the interests of public sector institutions and their allied agencies 
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are mandated to implement the BCCSAP’s 44-point agenda. NGOs are expected to have a 
role in some program implementation and capacity building. However, institutional linkages 
between various ministries, their allied departments, and national and local government 
institutions are not clearly articulated in the BCCSAP. 
BCCSAP seeks collaboration among a number of actors from government, institutions, and 
the public sector to implement the 44-point agenda. MoEF initiated a process to identify an 
institutional focal point in each ministry/agency and to provide them with a basic training on 
climate change issues. In addition to facilitating inter-ministerial coordination through these 
focal points, a project called “Poverty, Environment and Climate Mainstreaming,” was 
started. Under the project, the Ministry of Planning screens various investment projects 
submitted to the Annual Development Plan (ADP) in their design phase so that coordination 
with any relevant focal point may be fostered during the planning stage. This mechanism is 
expected to ensure the integration of climate change into the design and planning of all 
projects under ADP. 
7.5.4 Role of Local Government 
Local government institutions (LGIs) such as Union Parishads (UPs) and municipalities are 
expected to have a direct understanding of the needs of people in their communities. Elected 
through direct votes from the local population, the representatives live in the respective 
constituencies and act as the first point of contact for most of the issues affecting the 
community members’ lives and livelihoods. In addition, there are several standing 
committees within the local government that are related to climate sensitive issues such as 
disaster management, health, agriculture, etc. 
As part of development interventions, LGIs have been partnering with NGOs and donors to 
implement climate change initiatives. A project named "Reducing Vulnerability to Climate 
Change (RVCC) (2002 – 2005)" had a component called “Integration of Adaptation in Local 
Planning.” It enabled 14 UPs in the southwest of the country to incorporate disaster risk 
management into their local development plans. It was funded by the Canadian International 
Development Agency (CIDA), and implemented by CARE Bangladesh and its local partner 
organizations. The project was tested under the first phase of the Comprehensive Disaster 
Management Program (CDMP), a national program on disaster risk reduction, and has since 
been scaled-up and implemented in about 630 UPs in selected districts. In the second phase 
of the CDMP, all the remaining UPs were expected to be gradually brought under its 
coverage to implement climate change adaptation at the local level.  
7.5.5 The Bangladesh Parliament 
In the milieu of institutional arrangements on climate change, the latest entrants –
parliamentarians – have the potential to exert significant influence on institutional processes. 
An All Party Parliamentary Group (APPG) on environment and climate change was formed 
in 2009. It has taken initiatives to provide orientation training to about 140 members of 
parliament (MPs) on climate change issues and their roles. The committee has been vocal 
within the national parliament on climate change issues. 
7.5.6 Role of Non-state Actors in addressing climate change in Bangladesh 
There are a range of actors addressing issues related to climate change, each making a 
unique contribution in their own capacity. While this is an encouraging scenario, there are 
issues that need to be addressed in order for these efforts to make a lasting impact. 
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Addressing climate change requires a good conceptual understanding of four major streams 
of actions related to climate change:  
• Mitigation and Adaptation;  
• Adequate knowledge and capacity;  
• Effective collaboration and coordination among multiple agencies on a combination 
of activities; and  
• Proper identification and prioritization of activities to optimize benefits and minimize 
adverse effects of these actions.  
While much more needs to be done on most of these areas, many organizations have been 
trying to implement programs based on their experience and what they think is appropriate. 
These efforts can be classified into the following approaches and actions, which taken 
together contribute to mitigating and addressing the effects of climate change in Bangladesh. 
7.6  Key Institutional Actors in Adaptation 
Several state and non-state actors have been implementing and scaling up climate change 
adaptation and mitigation projects over the past decade. This includes various government 
ministries and departments, at the national and local level, as well as CSOs. In addition, 
research and academic institutions in the country are leading the discourse on climate 
change adaptation through knowledge generation and action research in order to reduce 
vulnerability to climate change and to build resilience. Major institutions involved in climate 
change adaptation can be categorized as follows: 
• National and local government 
• Civil society organizations (includes, CBOs, NGOs) 
• Development partners and International Financial Institutions 
• Media 
• Private sector 
Among these discussion has already been made on national and local level public sectors. 
Below we discuss the rest of the types of actors 
7.6.1 Civil Society Organizations 
NGOs have contributed significantly to disseminate information and research on 
Bangladesh’s particular vulnerabilities to climate change, and have advocated strongly for 
immediate climate change adaptation measures over the past two decades. These NGOs 
working on climate change related activities in Bangladesh focus primarily on the following 
areas: 
• Awareness raising on basic concepts of climate change, causes, risks, and possible 
ways to address these issues; 
• Advocacy, campaigning, and participatory research on early responses to climate 
change; 
• Piloting and scaling up approaches to community-based adaptation (CBA), as well as 
media dissemination, advocacy, and campaigning on CBA; and 
• Documentation, generation, and dissemination of popular knowledge products. 
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In addition to NGOs, other CSOs, including faith-based organizations (FBOs), CBOs, and 
other voluntary bodies and associations have also been involved in climate change 
programming. These groups are usually the first to respond immediately after any natural 
disaster. They come together quickly, mobilize local resources, and intervene directly in 
communities impacted by disasters. The most recent examples include the quick response 
of CBOs and other local groups after cyclones Aila and Sidr. 
Engaging CBOs has the potential for designing and implementing locally appropriate 
approaches, creating greater local ownership, and developing program continuity beyond the 
donor-funded project duration. Many NGOs have assisted CBOs or supported small-scale 
collective action on reducing vulnerability. Among the most prominent CBO involvement in 
the past was the Pani Committee’s (Water Committee) advocacy campaign in the southwest 
region under the RVCC project, the women producers under the PRODUCE project of 
CARE Bangladesh in the northwest region, and the Charland group in the sandbars of the 
Jamuna River. These and other programs by NGOs and CBOs have been continuously 
demonstrating and scaling-up various adaptation approaches. However, even with NGO 
support, there has been limited flow of information to CBOs on climate change and best 
practices for adaptation, and they do not have full access to participate in local, regional, and 
national climate change policy forums. 
A number of other institutions are also taking place across the country to ensure rights and 
equity in addressing climate change. In “disaster prone” areas of Bangladesh, advocacy 
groups played a key role in facilitating the formation of the All Party Parliamentary Group 
(APPG) on Environment and Climate Change, and a Parliamentary Caucus on Climate 
Change. They raised resources for MPs to take part in UNFCCC processes as national 
delegation members, and supported illiterate people to participate in various forums on 
climate change. The groups have also assisted the national delegation in formulating the 
submissions of Bangladesh to the negotiation sessions. 
7.6.2 Academic and research institutes 
A few of the leading research institutes and think tanks in the country began to shape global 
discourse on climate change before the formation of IPCC and UNFCCC. Prior to convening 
the United Nations Conference on Environment and Development (UNCED) in Rio de 
Janeiro in 1992 (Earth Summit), NGOs and research institutes from Bangladesh became the 
focal points for South Asia, taking strong positions in Inter-governmental Negotiation 
Committees (INC), and shaping the global discourse on equity issues and inter-generational 
aspects of climate change. Many such issues have been enshrined in the UNFCCC (United 
Nations, 1992). In addition, a few individual scholars from higher education institutions- 
Bangladesh Institute of Development Studies (BIDS), Forum of Environmental Journalists of 
Bangladesh (FEJB), IUCN, BCAS, CGC, among others- conducted applied research in 
collaboration with a few think tanks and research institutes. 
Their late involvement is also evident in the slow inclusion of relevant climate change 
courses in university curriculum, for example. More recently, however, because of the 
increased availability of funding and interest, a large number of public and private 
universities have included climate change courses and some of them have set up separate 
centers (e.g. Dhaka University, Patuakhali University, Independent University Bangladesh, 
BRAC University, etc.), for climate change research. Recently, many of public academic 
institutions have agreed to offer locally relevant courses on climate change to increase the 
pool of local climate change experts. Some research organizations – outside of academic 
institutions – are also registered as NGOs. In addition to significant focus on research, these 
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organizations also implement climate change adaptation and disaster risk reduction 
programs and initiatives. 
7.6.3 Media 
Media is an important institution for advocating the climate change issues. Although the 
international media has been discussing climate change since the early 1970s, prior to the 
last decade or so, there has not been the same level of coverage of these issues among 
Bangladeshi national and local media. However, local and national media had been 
reporting on environment and natural disaster related issues for many decades, though not 
necessarily making the link with climate change. Some reporting on climate change started 
around 1997 by Forum of Environmental Journalists of Bangladesh (FEJB). A as 
Sustainable Environment Management Program (SEMP) started with the support from 
UNDP FEJB started climate change campaign along with environment issues with 
information from some sub-implementing agencies (SIA). Gradually other media related 
institutions have also come up. Major reporting specifically on climate change started around 
2007, which was perhaps influenced by the Nobel Peace Prize Award to the IPCC that same 
year; and a confirmed scientific consensus on the adverse effects of climate change on 
people, land, livelihoods, and economy of Bangladesh. Since then, print, broadcast, and 
digital media have been publishing news and analytical articles on climate change. Such 
initiatives have helped to increase interest and awareness among the general public about 
climate change issues. 
A number of media organizations now have climate change reporters who received training 
prior to the Copenhagen Climate Change Summit in 2009. Additionally, major newspapers, 
and electronic  
7.6.4  Private Sector 
The private sector (i.e., business, industries, chambers of commerce, etc.) is very active in 
economic sphere. However, the otherwise vibrant private sector has yet to implement 
initiatives to prepare itself for adapting business activities to future climate induced hazards 
or to safeguard their investments. Such inaction or lack of interest is attributed to poor 
communication and limited knowledge sharing among the research community, GoB and the 
private sector on climate change related issues. 
Only recently, in the wake of numerous media campaigns on climate change issues, has the 
private sector begun to express interest in climate change adaptation and disaster 
preparedness. The Dhaka Chamber of Commerce and Industries (DCCI), in association with 
the CSRL, organized three successive training workshops for its members on how to 
participate in the green economy and make their businesses more resilient to climate 
change. Other chambers of commerce offices in Bangladesh, such as the International 
Chamber of Commerce and Industry and the American Chamber of Commerce, have yet to 
get involved. 
Though the current level of formal engagement of the private sector is rather low, farmers – 
representing the largest percentage of the workforce in the private sector and the main actor 
for our purpose – have been dealing with climate variability on a day to day basis. On the 
other hand, a few private sector agencies have made investments particularly in low-carbon 
development and have promoted energy efficient lighting, solar technologies, and fuel-
efficient cooking stoves, among others. 
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7.7 Recent Projects in Climate-sensitive Issues 
The above discussion makes it clear that there are policies and institutional frameworks 
which though not directly geared to manage climate change related risks, and adaptation in 
general and in agriculture in particular. The result is that there are very few agricultural 
project related directly to climate change.  The projects under the BCCTF include 10 projects 
on agriculture and some of these are (at the time of writing this report): 
• Saline tolerant crop variety development. (BARC) 
• Draught tolerant crop variety development. (BINA) 
• Dissemination of Climate smart variety of crop, oil, pulses etc. (BADC) 
• Floating farming. (DAE) 
• Canal digging and plantation. (BMDA) 
There is only one project under ADP- 
• Adaptation to Climate Change and rehabilitation to livelihood in South Bangladesh. 
(BARC) 
Not one is related to institutional development without which longer term intervention will be 
quite difficult and ad hoc rather than systematic and systemic. Indeed, MoA has 55 projects 
in 2015-2016. Not one is directly related with institutional development related to climate 
change 
As already discussed in this chapter and elsewhere the 7th Plan programming for agriculture 
is practically devoid of any attention to climate change and its impact on agriculture while the 
sustainable development and climate change activities have given major attention to 
planning exercises and programing for mainstreaming climate change into development 
planning, programmes, projects and their implementation. 
The over-all impression one gets is that the policies, planning and programming and the 
related institutional aspects for climate change management in agriculture is highly deficient. 
But the silver line in the loud is that there are some good institutions particularly in research 
which can be easily geared up to generate new technology and knowledge in rice and non-
rice crop cultivation and though not emphasized as such in policies, scientists have been 
able to develop varieties resistant to climatic stresses. This momentum must be further 
scaled up. In this situation what is needed is for the Ministry of Agriculture to gear up its 
activities and get involved in some serious programming exercises based on its own 
priorities. But in doing that the prioritisation exercise such as the one that has been 
attempted in this study may be a first step in understanding how to go about it.   
7.8 What is the Way Forward? 
7.8.1  Introduction 
The above depicts a situation where we seem to have lost a lot of initiative after the 
formulation of the BCCSAP but not everything is lost. The over-all institutional framework 
can and should be if necessary restructured or rather given new impetus for gearing up its 
activities in generic terms and more particularly in agriculture. In the short term, not much 
restructuring may be needed but for longer term, preparedness requires new way of thinking 
and doing things. The impetus for this comes from the 7th Five Year Plan as indicated 
earlier. It is our considered view that Bangladesh needs an ‘Institutional Adaptive Capacity 
92 
Implementation Strategic of Adaption for Agriculture: Institutional Issues 
 
Framework’ (IAC) to reorganize, to build capacity, to show a new path for the Institutions. 
We first discuss this in general terms and then in the context of agriculture and more 
particularly for disseminating and acting upon our own modeling results for planning and 
implementation. 
7.8.2 What is Institutional Adaptive Capacity (IAC)?6 
Effective institutions are the heart of ability to respond to growing climate risks. Governments 
and other institutions at the national level can play a critical role in increasing society’s 
capacity to shaping and re-shaping, adjust and readjust (i.e., “adaptive capacity”) as 
conditions shift and as new climate change knowledge emerges. 
The IAC framework provides a practical approach for understanding the institutional aspects 
of adaptive capacity. IAC assessments can support planning through the identification of 
specific gaps in capacity that can be filled through investment and action. The IAC 
framework enables its users to systematically assess institutional strengths and weaknesses 
that may help or hinder adaptation. National adaptation plans may then be better designed 
to make best use of strengths or remedy weaknesses. 
The IAC exercise actually becomes an essential element of preparation of a national-wide or 
a sectoral adaptation plan. Indeed, as the institutions have to be involved in many of the 
activities related to adaptation planning and of course finally implementation, there is going 
to be major overlaps between the two. A perusal of the Road Map for a NAP in Bangladesh 
shows that it is indeed the case. Hence the IAC should actually be a part of the over-all NAP 
preparation in the beginning but once this is done, there may be from time to time 
assessments of the institutional framework depending on new challenges.   
Benefits of Institutional Adaptive Capacity (IAC) Framework 
• Adaptation planning will focus on institutional identification and strengthening. 
• IAC Framework offers an analytic approach that can help to any national 
development planning. 
• National policy can be translated into sectoral and local level adaptation. 
• All Institutions will know their specific duty and responsibilities related to 
Climate Change and its impact management (be it preventive or reactive).  
• Promote long-term thinking process in the institutions for fulfilling their 
mandates. 
The IAC framework evaluates national institutions’ performance of five key functions critical 
to adaptation: assessment, prioritization, coordination, information/ knowledge management, 
and climate risk management. The IAC treats performance of these functions as an 
indication of a country’s overall adaptive capacity. The pilot applications of the framework 
suggest that the IAC framework is useful across a range of countries and that it can be 
tailored to specific country contexts. 
 
 
6  This section heavily draws upon the ideas in studies conducted by WRI, more particularly, Dixit et al, Ready or 
Not: Assessing Institutional Aspects of National Capacity for Climate Change Adaptation, WRI, 2012. See also 
other related WRI literature. 
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IAC Function 1: Assessment 
Adaptation will require iterative studies and investigations over time, including assessments 
of climate change impacts, vulnerability, risks, coping strategies, and adaptation practices. 
Such assessments are often an early step in identifying activities and options that help a 
country adapt to future challenges. At the time of the IAC pilots, several vulnerability and risk 
assessments already existed or were ongoing. These provided a basis to begin work in 
adaptation. However, their evaluations also revealed that important information and 
knowledge was often lacking, indicating a need for additional research. 
Assessment Guideline:  
The steps often necessary for assessment are the following: 
• Fix a time frame -  May be several months 
• Responsible Institutions- Find an institution for assessment. 
• Methods for assessments- Literature and documentation search, interviews with 
key national stakeholders, including government officials, donors, NGOs, and 
academics. 
• Workshops/ Knowledge sharing- To review and validate the findings with different 
type of stakeholders, National and local Committees, various related groups. 
• Priority areas for assessing - Food sovereignty, Food security, Agriculture, Water, 
Energy, Forests and biodiversity, Risk management in human settlements planning, 
Critical infrastructure, Public health, Urban settlements, Disaster risk reduction. 
• Major Outputs- Recommendations for adaptation policy development, Detailed 
identification of entry points for integrating climate change risks into existing sectoral 
plans and policies, Set of indicators, metrics, and targets for tracking development of 
capacity over time, A description of strengths and gaps for each function category of 
the IAC framework. 
IAC Function 2: Prioritization 
Prioritization means assigning special importance to particular issues, areas, sectors, or 
populations. Prioritization processes are essentially in final analysis political and vary across 
countries, incorporating a wide range of values and concerns depending on political 
processes and power arrangements. At the same time, prioritization must draw, to one 
degree or another, on an evidence base. For adaptation, prioritization at the national level 
should, at a minimum, take into account where climate impacts will likely be most severe, its 
nature and sections of country’s population is most vulnerable. Gender dimensions must be 
integrated from the very beginning in the process. As such, adaptation-related assessments 
(discussed above) form the evidence base through which prioritization of activities can occur 
in a country. In addition, prioritization processes should engage a wide range of 
stakeholders, be made transparent to the public, and enable review and adjustment of 
priorities as circumstances change. 
IAC Function 3: Coordination 
Adaptation requires action by disparate actors at multiple levels, both within and outside of 
government. Coordination of their activities is necessary to avoid duplication or omissions 
and can create economies of scale in responding to challenges. Coordination may be 
horizontal (e.g., among ministries), vertical (e.g., among national, global, and sub-national 
actors), or among stakeholders (e.g., between government and CSO and private sector). AS 
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political dynamics can significantly affect coordination, the coordination function should 
ideally be located in a relatively authoritative institution. This assists, in particular, with the 
convening of actors with divergent views or priorities  
IAC Function 4: Information Management/ Knowledge Sharing 
Information management consists of collecting, analyzing, and disseminating information in 
support of adaptation activities. Relevant information will vary across sectors, countries, and 
climate change impacts but, at a minimum, typically covers climate variables, the status of 
natural and human systems, local knowledge of climate change impacts, scientific analysis 
of existing problems and existing coping strategies. Good knowledge management ensures 
that information is useful and accessible to stakeholders. It often may also involve general 
awareness-raising or building the capacity of stakeholders to use information for adaptation. 
IAC Function 5: Climate Risk Management 
The previously discussed four functions in the NAC framework assess aspects of adaptive 
capacity relevant to a broad range of climate-related challenges. However, most countries 
face specific climate risks that loom larger than others. For example, in a country where 
coastal tourism is important economically, risks associated with storm surge and sea level 
rise may require particular attention. In another country, priority may be placed on risks to 
food security as in case of Bangladesh or to a particularly vulnerable group, such as 
children. The climate risk management function of the IAC provides its users with an 
opportunity to examine institutional aspects of the specific capacities needed to address 
such risks.  
Analysis of this function needs to draw on national information and assessment processes 
addressed in the functions discussed earlier but may also require additional sector- or issue-
specific research or assessment not captured by those IAC function questions. Identifying 
and analyzing countries’ capacities to manage specific climate risks is a critical part of 
tailoring the IAC assessment to a country’s climate change context and of linking the 
assessment to national development priorities. 
To use the assessment questions for the climate risk management function, IAC users 
should identify a set of “priority areas” (vulnerable groups, climate-sensitive sectors, at-risk 
regions, vulnerable ecosystems, etc.) for adaptation in the country. The capacity questions 
for the climate risk management function are then answered separately for each priority 
area, since different priority areas typically involve different institutions. For example, a IAC 
assessment that examines the country’s capacity to address climate risks to food security 
may need to look at the agricultural ministry, the rural development ministry, and institutions 
involved in crisis response (Ministry of Disaster management in case of Bangladesh).  
In each priority area, IAC users will evaluate the performance of national institutions at:  
• Establishing a process of identifying the specific risks to a given sector or issue,  
• Evaluating the full range of options for addressing the risks, and 
• Selecting and implementing risk reduction measures. 
As indicate in this report elsewhere and also in this chapter, a lot of early necessary 
information already exist in the country and the institutions or at least some of them are 
sensitive  However, the identification and the implementation of risk reduction activities had 
not yet begun in many relevant sectors. 
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7.9  IAC in Bangladesh and for agriculture 
What might happen if an Institutional Adaptive Capacity framework is put in place in 
Bangladesh? This will necessitate contextualizing the above generic IAC activities for 
Bangladesh as well as for the particular sector.  
As we have learnt earlier Bangladesh already has a functioning institutional system for 
agriculture. While some parts of it may have become largely dysfunctional such as BADC 
(but gearing up again), others such as the NARS has remained more or less relevant and 
judged by their performance, it had been critical in the development of crop agriculture in the 
country. Also while the general support activities such as AIS or soil related information 
collection and dissemination may not have had always sterling performance these are 
amenable to overhauling as the basic mandates may remain unchanged only that some of 
the aspects may need reemphasis and redirection. On the other hand much of the 
necessary initial information and analyses on climate change impacts on crop agriculture 
already exist in the country at least for rice. The basis of adaptation planning in agriculture 
already exists.  
Our modeling exercise earlier has clearly shown that the present technologies may not 
suffice to provide enough food of various types through domestic production in the near term 
by 2030. New technologies would be needed. But these “new” technologies already exist 
and some are already in pilot stages of experimentation and some are waiting for more 
extensive adoption. There is not much scientific uncertainty about them. Thus, what is 
needed at this stage is to gear up the extension services and reaching these new ways of 
doing things to farmers as fast as possible and demonstrate their private profitability which 
has also been established in our modeling exercise. The beauty of it is that not only it helps 
in adaptation it also does in help tremendously in mitigation.  
By the mid-century definitively and by the near term probably, however, the application of 
available technologies will not be enough for food security. Furthermore, farmers cannot be 
asked to all adopt the same technology. As their specific circumstances differ, some will 
adopt the most productive technology but others will opt for less productive ones due to 
various constraints. That means scientific research system has to be redirected considerably 
even now to develop further varieties which may suit farmers in different circumstances or 
areas of the country.  
Also note that the technologies described and anslysed in this study do not take into account 
in their effects the impact of various climate related hazards that strike from time to time. 
What would be the impacts of these on the output based on new technologies and how 
farmers will then actually respond are unknowns. What for example would be the response 
in terms of cropping patterns and systems remain very uncertain. Thus the present available 
technologies have at best bought us a short breathing space but not for long, not possibly 
even for near term date of 2030. 
While we believe that the BRRI, BARI and other specialised crop research institutions will 
certainly be able to gear up within a short span of time because the necessary human skill is 
more or less available barring some gaps here and there. 7 What would be the constraining 
barrier very probably would be the extension service both in the short and the long run. It is 
7   In fact we believe that even scientists who have formally retired can be brought back to service within  a 
suitable arrangement and thus the available pool of trained and experienced human skill will not be a major 
barrier at least for the time being.   
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here that much institutional effort needs to be devoted for training the extension agents in 
new technologies, demonstrating the efficacies of these technologies to the farmers and 
carry back from them the problems that may and will arise in practice and get solutions from 
scientists and carry it back to farmers again. The process may be made much quicker 
through the use of IT in various forms, not least the mobile technology.  
All these are within our grasp. What is needed is the definitive political will and the 
willingness to try new methods of doing things rather than being in cocoons. 
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 8. Implementation Strategies of Adaptation for Agriculture: 
Financing Mechanism 
8.1 Introduction 
In this chapter we would like to discuss the issues of financing the prioritized technologies, 
the proposed programmes of allied actions (see Chapter 9 on programmes) and the source 
of finance. This will be followed by a general allocation rules not simply for the prioritized 
technologies but in general for the additional activities that have been identified. First the 
private costs of adopting the prioritized technologies. 
8.2 Private Financial Costs of Technologies 
The estimated costs of the technologies have been elaborated earlier and are given in the 
Annex IV and Annex V. Two points may be noted. First these are costs to the farmer i.e., 
their private financial costs. If farmers are to be encouraged to adopt any particular 
technology or a set of technologies, there would be the additional costs of extension for the 
immediate future. No costs of research is expected to be added to it because no immediate 
issue of refinement of the technologies or development of new ones are contemplated. Even 
the economic costs of the technologies will be somewhat different from the private financial 
costs. We are only considering here the financial costs. 
The second point of note is that the costs of the application of the current technology (T2 + 
1) and the future technologies whether in future or at present are broadly similar for the 
same technology for practically all the crops that we consider here (all rice, wheat, potato 
and lentils). We therefore average them out for highlighting the differences in costs among 
them. First we compare the costs of these technologies against each other.  
Costs of all rice output 
The average costs of total rice output across scenarios and target years by technology are 
shown in Fig. 6.1.  These show that the differences in costs across technology is not high, 
varying roughly between Tk 600 and 700 bn particularly when it is considered that these 
costs are aggregated across million of farmers and millions of ha of land. Yet one finds that 
the costs of the preferred technologies (T8, T9. T10 in association with rainfed cultivation) 
are somewhat higher.   
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Figure 8.1: Average Financial Costs of Technology (rice) 
Costs of non-rice crop outputs 
The average costs of wheat output are shown in Fig. 6.2. This is followed by those for potato 
and lentils in Figs. 6.3 and 6.4 as shown below. The patterns and interpretation is similar as 
for all rice output. 
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Figure 8.2: Average Financial Costs of Technology (wheat) 
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Figure 8.3: Average Financial Costs of Technology (potato) 
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Figure 8.4: Average Financial Costs of Technology (lentil) 
8.3 Sources of Finance 
The actual costs of adoption of these technologies at least in the beginning may not be much 
except that the extension agents need to be trained in the less well-known technologies and 
that certain costs will be involved in providing services such as laser leveling when these are 
warranted depending on the particular technology. We expect this additional resources to be 
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made available from the normal budgets of the Government. However, if resources 
additional to the normal ones are necessary, probably small projects may be financed by the 
Government from its own resources. Furthermore the costs by farmers if much more than 
the normal ones, may be financed easily out of credit facilities of the banking system as the 
total demand is likely to be small. 
More problematic would be the cost of additional research and extension as new 
technologies would be needed even in the near term date of 2030 as the technologies 
analysed here do not reflect stress tolerance and more importantly demand for food may not 
be met well and the shortfalls will be higher in case of major natural hazards. Question is 
where these may come from. 
There are three types of sources, domestic, domestic-controlled and international. The 
domestic fund is the Bangladesh Climate Change Trust Fund (BCCTF) which has been 
created by the Government from its own resources. There is the Bangladesh Climate 
Change Resilience Fund (BCCRF) created with resources provided by the development 
partners but held internally with allocations determined together along with the Government. 
There are also three global funds under the UNFCCC, namely the Least Developed 
Countries Fund (LDCF), the Global Environment Facility (GEF) and the Green Climate Fund 
(GCF). 
The two internal funds had been created in 2008 and 2009. Both have already seen their 
better days. These still exist but are only continuing for running projects.  In any case 
whatever be the present situation historically none of these have given any preference to 
agricultural projects (Fig. 6.5 and 6.6). The same applies to global funds with the exception 
of the LDCF. LDCF, however, account for only a paltry sum of total resources.  
                  
Figure 8.5: Allocation of projects under different climate change funds 
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Figure 8.6: Allocation for agricultural projects (% of total) 
While the GCF has only recently started its journey, this seems to be the best bet yet for 
resources for development of technology and extension services for them. GCF procedures 
are however quite rigorous and complex. Yet, it may be difficult but not impossible 
particularly as there is a Nationally Designated Authority (NDA) and also accredited 
implementing agencies although so far save for one no project has yet been submitted or 
approved. There is also a facility for Enhanced Direct Access under which an accredited 
agency may have allocations from GCF which then can be disbursed directly under certain 
rules and procedures. However, at the time of writing this report these are still theoretical 
propositions. The best bet so far seems to be to seek funding through multilateral 
development organization including UN agencies. Possibly FAO and UNITAR may be 
approached for such funding for the types of project we are thinking might be necessary in 
near future. 
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 9. Implementation Strategies of Adaptation for Agriculture: 
Programme of Actions 
This action plan comprises of 9 programmes with 42 clustered AEZ specific actions for short 
(2016-2030), medium (2031-2050) and long (beyond 2050) term with indicative costs and 
their respective implementation agencies. Note that, water use efficiency is major issue and 
much of the supply issue problems are actually the preserve of the Ministry of Water 
Resources. We have therefore only kept those programmes here which directly affect on-
farm water use and associated supply issues. However, larger water resource development 
projects also ultimately have indirect influence on water availability and use in agriculture. 
These include, say construction of barrage and dredging of rivers to store and divert wet 
season flow to protect from northward movement of salinity, ground water recharge and 
irrigation during the dry season (noting that dry season boro and other crops are among the 
mainstay of the agriculture), and trans-boundary allocation of water. These are not included 
here but should a form of the over-all holistic framework for water availability and use 
efficiency. Brief concept note on each of programme of actions is shown in Annex VII. 
Summary of programme of actions are as follows:  
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Table 9.1: Summary of programme of actions 
Action Area of Implementation 
Responsible 
Agencies 
Implementation 
Schedule 
Tentative 
Budget 
(million BDT) 
Programme 1: Increase Water Use Efficiency 
Improve irrigation water conveyance 
efficiency through buried pipe, hose pipe, 
canal lining etc. 
All CAEZ BADC, BMDA, 
BWDB, LGED, RDA, 
DAE 
Short and Medium  30,000 
Improve on farm water use efficiency 
through alternate wetting and drying, leaser 
levelling, reduce tillage, direct wet seeded 
rice using drum seeder etc. for rice crop  
All CAEZ DAE, BADC, BMDA, 
BWDB, LGED, RDA 
Short and Medium 10,000 
Improve on farm water use efficiency 
through introduction of sprinkler and drip 
irrigation system, mulching etc. for non-rice 
crop 
All CAEZ DAE, BADC, BMDA, 
BWDB, LGED, RDA 
Short and Medium 50,000 
Introduction and strengthening ICT in 
agriculture particularly prepaid metering in 
pump operation and smart irrigation 
monitoring 
All CAEZ BADC, BMDA, RDA Short and Medium 1,000 
Programme 2: Surface Water Augmentation 
Rainwater harvesting through re-excavation 
of canal, pond, small river etc and 
construction of dug well. 
All CAEZ BADC, BMDA, 
BWDB, LGED, RDA, 
DAE 
Short and Medium 20,000 
Rehabilitation of  existing surface water  
irrigation project particularly Muhuri, Manu, 
Bhola, Barisal, Chandpur, Meghna-
Dhonogoda, Testa, GK 
Ganges, Meghna-
Surma, Teesta-
Koratoya and Megna 
Floodplain 
BWDB Short and Medium 800 
Programme 3: Increase Fertilizer Use Efficiency 
Enhance production of Guti Urea in the form 
of Urea Super Granule (USG)  
All CAEZ ARIs, BADC Short and Medium 5,000 
Popularized deep placement of Guti urea 
through mechanization 
All CAEZ BWDB Short and Medium 1,000 
Promote leaf colour charts to assess leaf 
nitrogen (N) status and adjust N applications 
to rice 
All CAEZ ARIs, DAE Short and Medium 1,000 
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Action Area of Implementation 
Responsible 
Agencies 
Implementation 
Schedule 
Tentative 
Budget 
(million BDT) 
Ensure optimum irrigation during application 
of fertilizer particularly N based fertilizer 
All CAEZ ARIs, DAE Short and Medium 1,000 
Programme 4: Research and Development of Climate Smart Agriculture 
Varietal development or improvement of 
different stress (heat,  uncertain water 
supply, flood, drought, salinity) tolerant 
varieties for all climate sensitive crops 
All CAEZ ARIs Short, Medium and Long 5,000 
Introduce and strengthen bio-fortification 
research particularly of protein, iron, zinc 
improvement which have impact due to CC 
All CAEZ ARIs Short, Medium and Long 1,000 
Development of different climate smart 
technology (carbon smart, nitrogen smart, 
water smart, weather smart and off farm 
smart) 
All CAEZ ARIs Short, Medium and Long 1,000 
Increase yield of non rice crops particularly 
wheat, pulses, oilseeds and vegetables All CAEZ ARIs Short, Medium and Long 5,000 
Control experiment for varietal development, 
irrigation and nutrient management 
considering climatic sensitivity. 
All CAEZ ARIs Short, Medium and Long 1,000 
Screening of genetic characteristics of 
existing stress tolerant varieties All CAEZ ARIs Short, Medium and Long 500 
Programme 5: Crop Diversification for Resource Optimization 
Spatial Shifting of crop based on AEZ 
particularly water availability and edaphic 
suitability 
All CAEZ ARIs Short, Medium and Long 5,000 
Introduce crop diversification based on 
dietary food habit considering development 
vision of country 
All CAEZ ARIs, DAE, BADC Short, Medium and Long 5,000 
Introduce and promote vertical and 
hydroponic gardening 
Tidal Floodplain, Beel 
and Basin, Modhupur 
Tract 
ARIs, DAE Short, Medium and Long 10,000 
Increase crop area considering economical 
suitability and GHG emissions  All CAEZ ARIs, DAE Short, Medium and Long 5,000 
Programme 6: Socio-economic Suitability of Climate Smart Technologies 
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Action Area of Implementation 
Responsible 
Agencies 
Implementation 
Schedule 
Tentative 
Budget 
(million BDT) 
Customized climate smart technologies 
considering indigenous knowledge of 
farmer. 
All CAEZ ARIs, DAE, BADC, BMDA Short and Medium 1,000 
Promote low cost technologies All CAEZ ARIs, DAE, BADC, BMDA Short and Medium 10,000 
Incentives for adoption of climate smart 
technologies at farm level. All CAEZ 
DAE, BADC, BMDA, 
BWDB Short and Medium 10,000 
Introduce incentives (awareness, marketing 
issue, pricing/tax/subsidy/credit) for farmers 
to use climate smart technologies  
All CAEZ DAE, BADC, BMDA Short and Medium 20,000 
Piloting of different climate smart (carbon 
smart, nitrogen smart, water smart, weather 
smart and off farm smart) technologies 
All CAEZ ARIs, DAE, BADC, BMDA, BWDB Short and Medium 500 
Provide index based crop insurance All CAEZ DAE, BADC, BMDA, BWDB Short, Medium and Long 1,000 
Programme 7: Data and Knowledge Management 
Bechmark survey and mapping on GHG 
emission, climate induced hazard like 
salinity (soil and water), drought, flood, 
storm surge etc.,  
All CAEZ 
ARIs, DAE, BADC, 
BMDA, BWDB, 
CEGIS 
Short 1,000 
Assessment of climate change impact on 
food nutrients All CAEZ ARIs, CEGIS Short 500 
Selection of suitable GCM or RCM and AEZ 
specific downscaling of climate data for 
future impacts and vulnerability assessment. 
All CAEZ ARIs, BMD, CEGIS, IWM Short 1,000 
Generation of micro level data for soil and 
crop.  All CAEZ 
ARIs, DAE, BADC, 
BMDA Short 2,000 
AEZ specific weather forecasting and 
dissemination. All CAEZ ARIs, BMD Short 1,000 
Support AEZ specific crop modeling for 
climate change impacts assessment    All CAEZ ARIs, CEGIS Short 500 
Precision of cropping pattern and crop 
suitability  All CAEZ ARIs Short and Medium 500 
Development of customized optimization All CAEZ ARIs, CEGIS Short 500 
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Action Area of Implementation 
Responsible 
Agencies 
Implementation 
Schedule 
Tentative 
Budget 
(million BDT) 
tools for Bangladesh  for prioritization of 
adaptation options  
Programme 8: Human Resources Development 
Capacity building of policy maker, 
researcher, extension professionals for 
planning, development and extension of 
climate smart technologies 
All CAEZ ARIs, DAE, BADC, BMDA, BWDB Short 1,000 
Capacity building of farmers for adoption 
and implementation of climate smart 
technologies at filed level (Seed, fertilizer, 
biocides and irrigation application) 
All CAEZ ARIs, DAE, BADC, BMDA, BWDB Short and Medium 1,000 
Awareness raising among the farmers 
regarding CSA All CAEZ 
ARIs, DAE, BADC, 
BMDA, BWDB Short and Medium 1,000 
Capacity building for agro-climatic advisory 
services at farmers level All CAEZ ARI, BMD, DAE Short 1,000 
Programme 9: Strengthen Institutions and Policies  
MoA to have a climate change analysis unit 
for redirection of project design, budgeting 
and accession of funds 
All CAEZ MoA Short 2,000 
Changes and update policy to address 
challenges of future climate change 
uncertainties 
All CAEZ MoWR Short 500 
Institutional strengthening for addressing 
procedural challenges during 
implementation- examining detail feasibility 
of introduction of IAC 
All CAEZ MoA and MoWR Short 1,000 
Enhance extension services for climate 
smart technologies. All CAEZ DAE Short 10,000 
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 10. Conclusions 
This study aims to formulate a coherent and implementable adaptation plan for crop 
agriculture in the context of climate change for future. In this regard, present geophysical, 
climatic and socio-economic context have been reviewed. Future climate change scenario 
has been developed in terms of temperature rise and precipitation changes for near term 
and mid-century. Consequently, impact of this climate variability on different crops has been 
assessed using crop model. Relevant policies and literatures have been reviewed to 
understand the present practice of adaptation at farm level, identification of future 
technologies for adaptation. Prioritization of identified technological options for adaptation 
has been done using input-output relationship considering biophysical, agronomic and socio-
economic data. These technologies have been optimized based on maximum production for 
fulfilling food demand, maximum return and lower Green House Gas (GHGs) emission. 
Based on above activities, an action plan has been formulated preparing some programme 
of actions and its associated implementation strategies. 
A perusal of policies reveal a few things, most importantly which seems to indicate that while 
farmers are smart enough to begin adaptation, at the systemic and policy and planning level 
much more needs to be done. This also means further and climate focused boost to 
agriculture research and extension than at present including AEZ specific solutions. New 
research station should be set up and old one is to be expanded according to changed 
emphasis for future. Mainstreaming of climate change issues into national policies must be 
ensured more specifically and in detail way in Bangladesh agriculture, which is almost 
missing in current 7th Five year plan and National Agricultural Policy, 2013.    
Results of prioritization shows presently most used technologies are enough to meet the 
current demand of rice.  But these would not be sufficient in most cases by 2030 and 
definitely by 2050 to meet up the demand. Only Tech10 with Tech1 or Tech3 would be 
suitable to meet up the demand during mid-century. Therefore, it is clear that the present 
array of technologies needs to be buttressed with the innovations of new technologies and 
their extension. The country has at most 10-15 years to prepare itself for such eventualities. 
In case of non-rice crops, none of technologies are found sufficient to meet domestic wheat, 
pulses and oilseeds demand for base, near and mid-century. However, production of these 
crops would be increased for different technologies, particularly it would be maximum under 
Tech10. Tech9 produces slightly less production with minimum GHG emission than Tech 10. 
Therefore, either wheat, pulses & oilseeds production technology need to be devised or area 
of these crops has to be increased to meet up the demand. All technologies except the 
current technology is not sufficient to meet potato demand under base condition. But several 
other would be sufficient to meet potato demand in near term. Only one technology would be 
sufficient to achieve potato demand in mid-century.  
Like any such exercise the present one also has some limitations, which are: prepared 
database is mainly from secondary sources, yield gap closure and identification of 
technologies are based on expert scrutiny rather than being modeled, socio-economic 
acceptability has not been considered for some technologies, facts of encroachment of 
agricultural land and shocks due to climate change induced hazards have also not been 
considered.   
Based on above analyses and discussion indication has been made that one needs to 
create and disseminate new knowledge and also generate requisite data and information as 
111 
Conclusions 
 
well as have plans for skill development for carrying out these works. Broadly a non-
exhaustive list may include the following: 
• Development and evaluation of various Climate Smart Technologies (fertiliser and  
water efficient,, bio-fortified varieties, cropping patterns and agronomic practices) 
in different Agro-ecological conditions/stress-prone hotspots and for various crops 
particularly Wheat, Oilseed and Pulses apart from rice 
• Data generation on climate change impact on major crops of Bangladesh though 
field experimentations 
• Creation of a district-wise database on required data for running dynamic crop 
models and socio-economic and Trade-off/ optimization models 
• Identification of appropriate Global/Regional Climate Models and generation of 
representative data for Bangladesh 
• Development of skills for conducting prioritization/optimization experiments  
As part of implementation strategies, Institutional Adaptive Capacity Framework (IAC) has 
been recommended along with existing institutional arrangement, which can evaluate 
national institutions’ performance of several key functions critical to adaptation: assessment 
which are prioritization, coordination, information/ knowledge management, and climate risk 
management. A broad allocation rule has been set not simply for the prioritized technologies 
but in general for the additional activities. The best immediate options for financing such 
activities is either seek funds from GCF or multilateral development organization including 
UN agencies (such as FAO and UNITAR for training) and others.  
Finally, 9 programmes with 42 actions have been outlined in brief which would need around  
2,820 million USD for implementation, while it has been emphasized that associated issues 
with water must consider as an over-all holistic framework for water availability and use 
efficiency in future adaptation programmes. 
As a whole, this actionable plan tries to prioritize adaptation options considering expert 
scrutiny of stakeholders, which basically leads to promoting precision agriculture and 
commercialization of crop agriculture with strong institutional and financial footing to tackle 
climate change.    
The present agriculture action plan may be part of the overall NAP as and when this are 
formulated. Ministry of Agriculture (MoA) may participate actively to integrate this plan into 
NAP and coordinate with Ministry of Environment and Forests (MoEF). Existing institutional 
arrangement would be sufficient, but procedural challenges should be addressed for future 
betterment. MoA and Agriculture division of Planning Commission should try to access 
globally available climate fund like GCF to implement above programme of actions. 
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Annex I 
 
Annex I: Agro-ecological Zones of Bangladesh 
1.  Old Himalayan  Piedmont  Plain 
2. Active Teesta Floodplain 
3. Teesta  Meander  Floodplain 
4. Karatoya-Bangali  Floodplain 
5. Lower  Atrai  Basin 
6. Lower  Purnabhaba  Floodplain 
7. Active  Brahmaputra – Jamuna  Floodplain 
8. Young  Brahmaputra  And  Jamuna  Floodplain 
9. Old  Brahmaputra  Floodplain 
10. Active  Ganges  Floodplain 
11. High  Ganges  River  Floodplain 
12. Low  High  Ganges  River  Floodplain 
13. Low  Ganges  River  Floodplain 
14. Gopalganj  Khulna  Bils 
15. Arial  Bil 
16. Middle  Meghna  River  Floodplain 
17. Lower  Meghna  River  Floodplain 
18. Young  Meghna  Estuarine  Floodplain  
19. Old  Meghna  Estuarine  Floodplain  
20. Eastern  Surma  Kushyara  Floodplain 
21. Sylhet  Basin 
22. Northern  And  Eastern  Piedmont  Plains 
23. Chittagong  Coastal  Plain 
24. Martin’s  Coral  Island 
25. Level  Barind  Tract 
26. High  Barind  Tract 
27. North  Eastern  Barind  Tract 
28. Madhupur  Tract 
29. Northern  And  Eastern  Hills 
30. Akhaura Terrace 
121 
 122 
Annex II 
Annex II: Characteristics of Different Technologies 
Table A-6.1: Characteristics of different technologies 
Technology Characteristics : Technology Costs & Coefficients 
Current Rain-fed Technology 
4. No soil conservation 
5. No water management 
6. Local Variety 
7. Moderate Fertilizer Application (N‐90 
kg/ha) 
8. Family Labor+ Partly Hired Labor 
:  
Current Irrigated Technology 
9. No soil conservation 
10. Recommended irrigation practices 
11. High Yield Variety  
12. Fertilizer Application as per 
recommendation 
13. Family Labor + Partly Hired Labor 
14. Moderate Chemical (Biocides) Use 
:  
Improved Rain-fed Technology 
15. No soil conservation 
16. Rainwater Harvesting 
17. Improved cultivars and  
18. Moderate Fertilizer Application (N-50 
kg/ha) 
19. Family Labor  
20.  (5 % yield increase) 
: 
Additional Costs 
Water Conservation Cost (bunds/mulches) 
Improved Cultivar Cost 
Change in Technology Coefficients 
+ WUE or - irrigation mm/kg of grain yield 
+ NPK Use Efficiency 
GHG  
Low Input Intensification 
Additional 20 Kg of N and P and K increase 
accordingly (4:2:1 ratio) 
(10 % yield increase) 
: 
Additional Costs 
Fertilizer Costs and application costs 
Change in Technology Coefficients 
No change in technology coefficients 
GHG 
Input Intensification Moderate Yield Goal 
Additional 40 kg of N and P and K increase 
accordingly (4:2:1 ratio) 
(25 % yield increase) 
 
: 
Additional Costs 
Fertilizer Costs and application costs 
Change in Technology Coefficients 
No change in technology coefficients 
GHG  
Input Intensification High Yield Goal 
Additional 60 kg of N and P and K increase 
accordingly (4:2:1 ratio) 
(50 % yield increase) 
 
: 
Additional Costs 
Fertilizer Costs and application costs 
Change in Technology Coefficients 
No change in technology coefficients 
GHG  
Carbon Smart Technologies 
Conservation Agriculture (only Minimum 
tillage) : Additional Costs 
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Technology Characteristics : Technology Costs & Coefficients 
Use of biocide 
Residue incorporation 
Lost revenue from residue 
+ Biocides cost 
- tillage costs 
Change in Technology Coefficients 
+ WUE or - irrigation mm/kg of grain yield 
+ NPK Use Efficiency 
GHG 
Water Smart Technologies 
On farm water management 
Laser leveling  
Modern or improved irrigation technologies 
(Hosepipe Irrigation/Ribbon Pipe Irrigation) 
 
: 
Additional Costs 
Laser leveling cost (BDT 3500 per ha) 
Improved irrigation technology cost     
(irrigation scheduling by tensiometer etc.) 
Change in Technology Coefficients 
+ WUE or - irrigation mm/kg of grain yield 
+ NPK Use Efficiency (low)  
Weather Smart Technologies 
Weather forecasts based irrigation and 
fertilizer  
Index Based Insurance 
 
Additional Costs 
+ frequency of irrigation and fertilizer and 
hence + labour cost 
Insurance premium 
SIM card cost 
Change in Technology Coefficients 
+ WUE or - irrigation mm/kg of grain yield 
+ NPK Use Efficiency 
GHG 
Nitrogen Smart Technologies  
Site Specific Nitrogen Management (soil 
testing) 
Leaf Color Charts 
: 
Additional Costs 
+ frequency fertilizer and hence + labor cost 
Costs of soil testing and LCC 
Change in Technology Coefficients 
+ NPK Use Efficiency 
GHG  
Energy Smart Technologies 
Efficient or better maintained engines  : 
Additional Costs 
+ engine / maintenance cost 
Change in Technology Coefficients 
+ GW Use Efficiency 
GHG 
Organic Farming Technologies 
Organic Farming /Green Manure Application 
 : 
Additional Costs 
 + FYM/Green Manure Costs 
+ Seed and incorporation Costs 
- fertilizer costs-pesticides-machine 
Change in Technology Coefficients 
+ FYM 
GHG 
- Yield coefficients  
Knowledge Smart – Medium Level 
Water Conservation Practices  
Improved cultivars or more seed replacement 
: 
Additional Costs 
+ Labor  
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Technology Characteristics : Technology Costs & Coefficients 
rate 
Use of biocides 
Residue incorporation 
Reduced tillage operations 
On Farm Water Management 
Site specific N management, LCC 
Efficient and better managed engines 
Increased NPK (90 kg N) 
(>30 % yield increase) 
+  seed, water costs, biocides 
- residue revenue loss 
- tillage 
+ Leveling and Irrigation costs 
+ fertilizer, soil testing, LCC 
+ Insurance premium 
Change in Technology Coefficients 
+ WUE or - irrigation mm/kg of grain yield 
+ NPK Use Efficiency 
+ GW use 
GHG  
Mitigation Technology 
Alternate Wetting and Drying 
Urea Deep Placements 
Energy Efficient Pumps 
Conservation Agriculture  
 
: 
Additional Costs 
+ Labor and machinery  for fertilizer 
placement 
+ engine / maintenance cost 
Change in Technology Coefficients 
+ WUE or - irrigation mm/kg of grain 
yield 
+ NPK Use Efficiency 
GHG  
Potential Yield – Input Intensification 
Water Conservation Practices  
Improved cultivars or more seed replacement 
rate 
Use of biocides 
Residue incorporation 
Reduced tillage operations 
On Farm Water Management 
Laser leveling  
Site specific N management 
Efficient and better managed engines 
Increased NPK (120 kg N) 
Irrigation Technology  
: 
Additional Costs 
+ Labor  
+  seed, water, biocides 
- residue revenue loss 
- tillage 
+ Leveling and Irrigation costs 
+ Soil testing  
+ LCC + Labor  
+ fertilizer 
Change in Technology Coefficients 
+ WUE or - irrigation mm/kg of grain 
yield 
+ NPK Use Efficiency 
+ GW use 
GHG  
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Annex III: Data Requirement for CSAP Tool 
Table A-6.2: Data requirement for running CSAP toolkit 
Spatial Data 
Name of State 
Agroecological Zone name 
Sub-zone category, if any 
District 
Land unit number 
Hydromet Data 
Monthly Precipitation 
Monthly Maximum Temperature 
Monthly Minimum Temperature 
Ground Water Depth 
Base Data 
Land unit number  
Latitude, dd  
Longitude, dd  
Elevation, m 
District 
Drainage class 
Flooding class 
Texture Class Name 
Average Annual Temperature Class 
Rainfall Class 
Irrigation Percentage, % 
Total Area, ha 
Agricultural Area, ha 
Soil Depth, cm 
Organic Carbon, % 
Olsen P, kg/ha 
Available K, kg/ha 
pH  
Source Wise Irrigation fractions  
Crop Management Related Data  
Name of Crop 
Crop duration, days 
Nitrogen use efficiency, fraction 
Phosphorous use efficiency, fraction 
Potassium use efficiency, fraction 
N,P, K requirement per t of yield, kg/t  
Seed rate, kg/ha 
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harvest index, fraction 
Nitrogen fixed by legumes, kg/ha-season 
N, P,K content in FYM, Kg-N/t-FYM 
FYM application rate 
Crop yield response factor 
Residue incorporation factor 
Leaf colour chart used or not? 
Change in machine usage as result of increase tillage, fraction  
Change in machine usage as result of decreased tillage, fraction 
Crop coefficient by growth stage  
Crop duration in month 
Month wise labour need, human labour days/month 
Total machine labour hrs/crop season 
Total animal labour hrs/crop season 
total human labour days/crop season 
Planting labour, days/crop season 
Harvesting labour, days/crop season 
Input Costs 
Seed costs  
Farm harvest Prices  
Biocide usage costs  
Residue costs  
Insurnace costs  
Fixed costs  
human labour costs  
animal labour costs  
machine labour costs  
diesel costs per liter  
electricity cost per kwh  
nitrogen cost per kg  
phophorous costs per kg  
potassium costs per kg  
Canal irrigation cost per season  
Technology number 
Technology name 
Crop name 
Evapo-transpiration  
Total irrigation depth, mm 
Canal irrigation, mm 
Groundwater irrigation, mm 
Grand total irrigation, mm 
Irrigation from diesel pump, mm 
Irrigation from electric pump, mm  
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Nitrogen requirement, kg/ha 
Phophorous requirement, kg/ha 
Potassium requirement, kg/ha 
Nitrogen Fertilizer, kg/ha 
Phosphorous Fertilizer, kg/ha 
Potassium Fertilizer, kg/ha 
Crop duration, days 
Cost of biocide 
CO2 emissions farm operations 
Cation exchange capacity of soil 
Fertilizer application method 
residue treatment 
Urea application, kg/ha 
DAP application, kg/ha 
MOP application, kg/ha 
SSP application, kg/ha 
FYM application, kg/ha 
Compost application, kg/ha 
Amount of residue kg/ha 
number of biocide applications 
change of tillage operations 
compost addition, kg/ha 
manure addition, kg/ha 
residue incorporation type 
Total CO2 Emissions, kg CO2 
Total N2O Emissions, kg N2O 
Total Methane Emissions, kg CH4 
Total GHG Emissions, kg CO2 
Carbon Stock Change, kg CO2 
Total GHG Emissions, kg CO2 minus Carbon Stock Change, kg CO2 
Seed costs 
Human Labour Costs  
Animal Labour costs 
Machine Labour costs 
Canal Irrigation Charge  
GW Diesel Irrigation Charge  
GW Electric Irrigation Charge  
Total Irrigation Charge  
Costs N 
Costs P 
Costs K 
Micro Nutrient Costs 
cost FYM 
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Miscellaneous Costs 
Insurance costs 
LCC Costs 
Total operational costs  
Fixed costs  
Total costs 
Yield of crop 
Total biological yield 
byproduct, kg/ha 
Residue incorporated kg/ha 
Byproduct Sold, kg/ha 
Value main product  
Value  byproduct 
Total Value income  
Net returns 
total income by total costs 
Yield Data 
Crop wise reported area, ha 
Crop wise irrigated area, ha 
Crop wise rainfed area, ha 
Current reported yields, kg/ha 
Current irrigated yields, kg/ha 
Current rainfed yields, kg/ha 
Potential yields of crop, kg/ha 
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Annex IV: Summary of Rice Crop 
Crop Name: Rice (Aus, T Aman and Boro) 
Rice Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 2.5 2.5 2.5 2.5 2.4  0.0 -0.1 0.0 -0.1  -0.6 -2.2 -1.6 -3.1 
Tech3 2.7 2.7 2.7 2.7 2.7  0.0 0.0 0.0 -0.1  -0.3 -1.7 -1.4 -2.4 
Tech2 28.4 27.8 27.7 27.8 27.7  -0.5 -0.7 -0.6 -0.6  -1.9 -2.4 -1.9 -2.2 
Tech4 29.9 29.5 29.3 29.4 29.4  -0.4 -0.6 -0.5 -0.5  -1.5 -1.9 -1.5 -1.6 
Tech5 31.4 31.1 31.0 31.1 31.1  -0.3 -0.5 -0.4 -0.3  -1.1 -1.5 -1.2 -1.1 
Tech6 33.5 33.3 33.2 33.2 33.3  -0.2 -0.3 -0.3 -0.2  -0.6 -1.0 -0.8 -0.5 
Tech7 29.9 29.5 29.3 29.4 29.4  -0.4 -0.6 -0.5 -0.5  -1.5 -1.9 -1.5 -1.6 
Tech8 31.4 31.1 31.0 31.1 31.1  -0.3 -0.5 -0.4 -0.3  -1.1 -1.5 -1.2 -1.1 
Tech9 33.5 33.3 33.2 33.2 33.3  -0.2 -0.3 -0.3 -0.2  -0.6 -1.0 -0.8 -0.5 
Tech10 36.1 36.0 35.9 36.0 36.1  0.0 -0.1 -0.1 0.1  -0.1 -0.4 -0.3 0.2 
 
Gross Return (billion BDT)  Change (billion BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 68.4 68.1 67.0 67.3 66.4  -0.3 -1.4 -1.1 -2.0  -0.5 -2.0 -1.6 -3.0 
Tech3 74.2 74.0 73.1 73.2 72.5  -0.2 -1.1 -1.0 -1.7  -0.2 -1.5 -1.3 -2.2 
Tech2 671.6 656.6 652.8 656.2 653.6  -15.0 -18.8 -15.4 -18.0  -2.2 -2.8 -2.3 -2.7 
Tech4 709.3 696.9 693.4 696.3 695.0  -12.3 -15.8 -12.9 -14.2  -1.7 -2.2 -1.8 -2.0 
Tech5 746.8 737.1 734.0 736.4 736.4  -9.6 -12.8 -10.4 -10.4  -1.3 -1.7 -1.4 -1.4 
Tech6 797.3 791.3 788.6 790.3 792.1  -6.1 -8.8 -7.0 -5.3  -0.8 -1.1 -0.9 -0.7 
Tech7 710.1 697.8 694.3 697.2 695.9  -12.3 -15.8 -12.9 -14.2  -1.7 -2.2 -1.8 -2.0 
Tech8 747.8 738.1 735.0 737.4 737.4  -9.7 -12.8 -10.4 -10.4  -1.3 -1.7 -1.4 -1.4 
Tech9 797.8 791.7 789.0 790.8 792.5  -6.1 -8.8 -7.0 -5.3  -0.8 -1.1 -0.9 -0.7 
Tech10 860.3 858.7 856.5 857.4 861.4  -1.6 -3.8 -2.8 1.1  -0.2 -0.4 -0.3 0.1 
 
Total Cost of Production (billion BDT)  Change (billion BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 54.6 54.5 54.4 54.4 54.4  -0.1 -0.2 -0.2 -0.3  -0.2 -0.4 -0.3 -0.5 
Tech3 55.5 55.4 55.3 55.3 55.2  0.0 -0.2 -0.2 -0.2  -0.1 -0.3 -0.3 -0.4 
Tech2 545.0 540.9 540.4 540.4 540.9  -4.2 -4.7 -4.6 -4.1  -0.8 -0.9 -0.8 -0.8 
Tech4 579.4 575.5 575.1 575.0 575.9  -3.9 -4.3 -4.4 -3.4  -0.7 -0.7 -0.8 -0.6 
Tech5 651.9 648.3 647.9 647.7 649.2  -3.6 -4.0 -4.2 -2.7  -0.5 -0.6 -0.6 -0.4 
Tech6 716.0 713.6 713.3 712.9 715.1  -2.4 -2.7 -3.2 -0.9  -0.3 -0.4 -0.4 -0.1 
Tech7 582.4 579.0 578.6 578.5 579.4  -3.4 -3.8 -3.9 -3.1  -0.6 -0.7 -0.7 -0.5 
Tech8 647.8 644.7 644.2 644.1 645.4  -3.1 -3.6 -3.7 -2.4  -0.5 -0.6 -0.6 -0.4 
Tech9 676.7 674.9 674.7 674.3 676.1  -1.8 -2.0 -2.4 -0.7  -0.3 -0.3 -0.4 -0.1 
Tech10 702.5 702.1 701.8 701.4 703.7  -0.5 -0.7 -1.1 1.1  -0.1 -0.1 -0.2 0.2 
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Net Return (billion BDT)  Change (billion BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 13.8 13.5 12.6 12.9 12.0  -0.2 -1.2 -0.9 -1.8  -1.7 -8.5 -6.5 -12.8 
Tech3 18.7 18.6 17.8 17.9 17.3  -0.1 -0.9 -0.8 -1.4  -0.7 -4.9 -4.3 -7.6 
Tech2 126.6 115.7 112.4 115.8 112.7  -10.8 -14.1 -10.8 -13.9  -8.6 -11.2 -8.5 -11.0 
Tech4 129.9 121.4 118.4 121.3 119.1  -8.5 -11.5 -8.5 -10.8  -6.5 -8.9 -6.6 -8.3 
Tech5 94.8 88.8 86.1 88.7 87.2  -6.1 -8.8 -6.1 -7.6  -6.4 -9.3 -6.5 -8.0 
Tech6 81.3 77.7 75.2 77.5 77.0  -3.7 -6.1 -3.8 -4.3  -4.5 -7.5 -4.7 -5.3 
Tech7 127.7 118.8 115.7 118.7 116.6  -8.9 -12.0 -9.0 -11.2  -7.0 -9.4 -7.1 -8.7 
Tech8 100.0 93.4 90.8 93.3 92.0  -6.6 -9.2 -6.7 -8.0  -6.6 -9.2 -6.7 -8.0 
Tech9 121.1 116.8 114.3 116.5 116.5  -4.3 -6.8 -4.6 -4.6  -3.5 -5.6 -3.8 -3.8 
Tech10 157.7 156.6 154.7 156.0 157.7  -1.1 -3.1 -1.7 0.0  -0.7 -1.9 -1.1 0.0 
 
Net GWP (million metric ton CO2)  Change (million metric ton CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 2.1 2.2 2.3 2.2 2.4  0.1 0.2 0.1 0.3  4.0 8.4 3.8 12.2 
Tech3 2.2 2.3 2.4 2.3 2.5  0.1 0.2 0.1 0.3  4.0 8.5 3.9 12.3 
Tech2 27.0 27.6 29.0 27.7 30.0  0.7 2.0 0.7 3.0  2.5 7.4 2.7 11.2 
Tech4 27.6 28.3 29.6 28.3 30.7  0.7 2.1 0.8 3.1  2.6 7.6 2.8 11.3 
Tech5 28.8 29.6 31.0 29.7 32.0  0.8 2.2 0.8 3.2  2.7 7.5 2.9 11.2 
Tech6 29.9 30.8 32.2 30.9 33.3  0.9 2.3 0.9 3.3  2.9 7.6 3.0 11.2 
Tech7 10.1 11.0 12.3 11.0 13.3  0.8 2.2 0.9 3.2  8.3 21.8 8.9 31.6 
Tech8 10.6 11.5 12.9 11.6 14.0  0.9 2.3 1.0 3.3  8.4 21.7 9.0 31.5 
Tech9 10.2 11.2 12.6 11.2 13.7  1.0 2.4 1.0 3.5  9.5 23.9 10.1 34.3 
Tech10 27.6 28.6 30.1 28.7 31.2  1.0 2.5 1.1 3.6  3.6 9.0 3.8 13.1 
 
Crop Name: Aus Rice 
Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 0.64 0.67 0.69 0.65 0.68  0.0 0.05 0.02 0.05  4.3 8.1 2.4 7.1 
Tech3 0.70 0.73 0.76 0.72 0.75  0.0 0.06 0.02 0.05  4.4 8.2 2.6 7.2 
Tech2 2.07 1.65 1.71 1.68 1.69  -0.4 -0.36 -0.39 -0.38  -20.3 -17.2 -18.9 -18.3 
Tech4 2.17 1.80 1.85 1.83 1.83  -0.4 -0.31 -0.34 -0.34  -16.8 -14.5 -15.6 -15.5 
Tech5 2.26 1.95 1.99 1.98 1.97  -0.3 -0.27 -0.28 -0.29  -13.7 -12.0 -12.6 -13.0 
Tech6 2.39 2.15 2.17 2.17 2.15  -0.2 -0.22 -0.21 -0.24  -9.8 -9.0 -9.0 -9.9 
Tech7 2.17 1.80 1.85 1.83 1.83  -0.4 -0.31 -0.34 -0.34  -16.8 -14.5 -15.6 -15.5 
Tech8 2.26 1.95 1.99 1.98 1.97  -0.3 -0.27 -0.28 -0.29  -13.7 -12.0 -12.6 -13.0 
Tech9 2.39 2.15 2.17 2.17 2.15  -0.2 -0.22 -0.21 -0.24  -9.8 -9.0 -9.0 -9.9 
Tech10 2.54 2.40 2.40 2.42 2.38  -0.1 -0.15 -0.13 -0.16  -5.5 -5.7 -4.9 -6.4 
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Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 13634 14133 14133 13398 14000  499 499 -236 366  3.7 3.7 -1.7 2.7 
Tech3 14943 15491 15491 14685 15343  547 547 -258 399  3.7 3.7 -1.7 2.7 
Tech2 33681 34994 34994 34305 34537  1313 1313 624 856  3.9 3.9 1.9 2.5 
Tech4 36826 37857 37857 37384 37415  1031 1031 559 589  2.8 2.8 1.5 1.6 
Tech5 39839 40588 40588 40334 40164  749 749 494 325  1.9 1.9 1.2 0.8 
Tech6 44004 44375 44375 44411 43970  371 371 407 -34  0.8 0.8 0.9 -0.1 
Tech7 36837 37871 37871 37396 37430  1034 1034 559 593  2.8 2.8 1.5 1.6 
Tech8 39948 40697 40697 40441 40272  750 750 493 324  1.9 1.9 1.2 0.8 
Tech9 44152 44522 44522 44558 44117  370 370 406 -35  0.8 0.8 0.9 -0.1 
Tech10 49319 49215 49215 49617 48837  -104 -104 298 -482  -0.2 -0.2 0.6 -1.0 
 
Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 9753 9851 9906 9793 9902  98 153 40 150  1.0 1.6 0.4 1.5 
Tech3 9952 10083 10144 10012 10133  131 192 60 181  1.3 1.9 0.6 1.8 
Tech2 31259 29277 29661 29353 29544  -1982 -1599 -1906 -1715  -6.3 -5.1 -6.1 -5.5 
Tech4 32884 30892 31255 30986 31135  -1991 -1628 -1898 -1748  -6.1 -5.0 -5.8 -5.3 
Tech5 36614 34554 34892 34653 34763  -2060 -1722 -1962 -1852  -5.6 -4.7 -5.4 -5.1 
Tech6 40283 38574 38849 38701 38706  -1709 -1434 -1582 -1577  -4.2 -3.6 -3.9 -3.9 
Tech7 33634 31855 32181 31936 32072  -1779 -1453 -1698 -1562  -5.3 -4.3 -5.0 -4.6 
Tech8 37014 35205 35493 35292 35382  -1810 -1521 -1723 -1633  -4.9 -4.1 -4.7 -4.4 
Tech9 40018 38735 38935 38821 38830  -1283 -1083 -1197 -1187  -3.2 -2.7 -3.0 -3.0 
Tech10 41621 40825 40878 40892 40781  -796 -743 -729 -840  -1.9 -1.8 -1.8 -2.0 
 
Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 3325 3783 4227 3605 4098  458 902 280 773  13.8 27.1 8.4 23.2 
Tech3 4362 4861 5347 4674 5210  499 986 312 848  11.4 22.6 7.2 19.5 
Tech2 11035 4404 5334 4951 4993  -6631 -5701 -6083 -6042  -60.1 -51.7 -55.1 -54.8 
Tech4 11411 5933 6601 6398 6280  -5477 -4809 -5012 -5131  -48.0 -42.1 -43.9 -45.0 
Tech5 9535 5285 5696 5681 5401  -4250 -3839 -3854 -4134  -44.6 -40.3 -40.4 -43.4 
Tech6 8511 5430 5525 5709 5264  -3081 -2986 -2802 -3247  -36.2 -35.1 -32.9 -38.1 
Tech7 10662 4982 5689 5459 5357  -5680 -4972 -5202 -5304  -53.3 -46.6 -48.8 -49.8 
Tech8 9249 4743 5204 5149 4890  -4506 -4045 -4100 -4359  -48.7 -43.7 -44.3 -47.1 
Tech9 8930 5418 5587 5737 5287  -3513 -3344 -3193 -3644  -39.3 -37.4 -35.8 -40.8 
Tech10 10580 8494 8337 8725 8056  -2086 -2243 -1854 -2524  -19.7 -21.2 -17.5 -23.9 
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Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 365 388 416 386 430  23 51 21 65  6.4 14.1 5.8 17.8 
Tech3 386 413 442 409 457  27 57 24 71  7.0 14.7 6.2 18.5 
Tech2 1776 1709 1837 1724 1885  -67 61 -52 109  -3.8 3.4 -2.9 6.1 
Tech4 1782 1725 1850 1740 1898  -56 68 -42 116  -3.2 3.8 -2.3 6.5 
Tech5 1896 1855 1977 1868 2027  -41 81 -28 130  -2.2 4.3 -1.5 6.9 
Tech6 1956 1944 2060 1956 2111  -12 105 0 155  -0.6 5.4 0.0 7.9 
Tech7 538 554 666 564 718  16 127 26 180  2.9 23.7 4.7 33.4 
Tech8 560 585 695 594 748  25 135 34 188  4.4 24.1 6.0 33.6 
Tech9 484 532 638 539 692  48 154 55 208  9.8 31.8 11.4 42.9 
Tech10 1747 1780 1882 1789 1935  33 136 42 188  1.9 7.8 2.4 10.8 
 
Crop Name: T Aman Rice 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 2.96 2.92 2.83 2.89 2.81  0.0 -0.13 -0.07 -0.16  -1.6 -4.4 -2.5 -5.3 
Tech3 3.21 3.17 3.09 3.14 3.07  0.0 -0.12 -0.07 -0.14  -1.3 -3.8 -2.2 -4.5 
Tech2 12.97 12.62 12.35 12.56 12.31  -0.3 -0.62 -0.40 -0.65  -2.7 -4.8 -3.1 -5.1 
Tech4 13.96 13.68 13.46 13.64 13.45  -0.3 -0.49 -0.32 -0.51  -2.0 -3.5 -2.3 -3.6 
Tech5 14.95 14.75 14.58 14.72 14.59  -0.2 -0.37 -0.23 -0.36  -1.3 -2.5 -1.5 -2.4 
Tech6 16.27 16.17 16.07 16.16 16.11  -0.1 -0.20 -0.12 -0.17  -0.6 -1.2 -0.7 -1.0 
Tech7 13.96 13.68 13.46 13.64 13.45  -0.3 -0.49 -0.32 -0.51  -2.0 -3.5 -2.3 -3.6 
Tech8 14.95 14.75 14.58 14.72 14.59  -0.2 -0.37 -0.23 -0.36  -1.3 -2.5 -1.5 -2.4 
Tech9 16.27 16.17 16.07 16.16 16.11  -0.1 -0.20 -0.12 -0.17  -0.6 -1.2 -0.7 -1.0 
Tech10 17.93 17.95 17.94 17.95 18.00  0.0 0.01 0.03 0.08  0.2 0.1 0.1 0.4 
 
Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 54423 52872 52872 53905 52350  -1550 -1550 -518 -2073  -2.8 -2.8 -1.0 -3.8 
Tech3 59068 57588 57588 58526 57171  -1480 -1480 -542 -1897  -2.5 -2.5 -0.9 -3.2 
Tech2 235028 229960 229960 234019 229305  -5068 -5068 -1009 -5723  -2.2 -2.2 -0.4 -2.4 
Tech4 255101 250992 250992 254288 250708  -4109 -4109 -813 -4393  -1.6 -1.6 -0.3 -1.7 
Tech5 275020 271868 271868 274404 271961  -3152 -3152 -616 -3059  -1.1 -1.1 -0.2 -1.1 
Tech6 301889 300018 300018 301536 300606  -1870 -1870 -353 -1283  -0.6 -0.6 -0.1 -0.4 
Tech7 255471 251353 251353 254658 251075  -4118 -4118 -813 -4397  -1.6 -1.6 -0.3 -1.7 
Tech8 275463 272308 272308 274848 272400  -3155 -3155 -615 -3062  -1.1 -1.1 -0.2 -1.1 
Tech9 302076 300205 300205 301724 300793  -1871 -1871 -352 -1283  -0.6 -0.6 -0.1 -0.4 
Tech10 335312 335047 335047 335289 336255  -264 -264 -23 943  -0.1 -0.1 0.0 0.3 
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Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 44874 44691 44511 44648 44454  -183 -363 -226 -420  -0.4 -0.8 -0.5 -0.9 
Tech3 45531 45360 45162 45309 45103  -171 -369 -222 -428  -0.4 -0.8 -0.5 -0.9 
Tech2 194267 192039 190532 191526 190375  -2228 -3735 -2741 -3892  -1.1 -1.9 -1.4 -2.0 
Tech4 207822 205852 204587 205399 204522  -1970 -3235 -2423 -3300  -0.9 -1.6 -1.2 -1.6 
Tech5 235364 233645 232583 233217 232637  -1719 -2781 -2146 -2726  -0.7 -1.2 -0.9 -1.2 
Tech6 263402 262357 261774 262019 261991  -1045 -1628 -1383 -1411  -0.4 -0.6 -0.5 -0.5 
Tech7 212610 210854 209725 210443 209667  -1755 -2885 -2167 -2943  -0.8 -1.4 -1.0 -1.4 
Tech8 237618 236130 235188 235780 235242  -1488 -2430 -1838 -2376  -0.6 -1.0 -0.8 -1.0 
Tech9 252831 252034 251610 251785 251773  -798 -1221 -1046 -1058  -0.3 -0.5 -0.4 -0.4 
Tech10 266551 266516 266552 266407 266915  -35 0 -145 364  0.0 0.0 -0.1 0.1 
 
Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 10429 9732 8362 9257 7896  -698 -2068 -1173 -2534  -6.7 -19.8 -11.2 -24.3 
Tech3 14335 13708 12426 13217 12068  -627 -1909 -1118 -2267  -4.4 -13.3 -7.8 -15.8 
Tech2 47241 42988 39428 42493 38930  -4253 -7813 -4749 -8311  -9.0 -16.5 -10.1 -17.6 
Tech4 52366 49249 46405 48889 46186  -3117 -5961 -3477 -6180  -6.0 -11.4 -6.6 -11.8 
Tech5 43345 41375 39285 41187 39324  -1969 -4060 -2158 -4021  -4.5 -9.4 -5.0 -9.3 
Tech6 40315 39531 38245 39517 38614  -784 -2070 -798 -1701  -1.9 -5.1 -2.0 -4.2 
Tech7 47958 44617 41628 44215 41408  -3342 -6330 -3743 -6551  -7.0 -13.2 -7.8 -13.7 
Tech8 41542 39333 37120 39068 37159  -2209 -4422 -2474 -4383  -5.3 -10.6 -6.0 -10.6 
Tech9 51074 50042 48595 49938 49020  -1032 -2479 -1136 -2054  -2.0 -4.9 -2.2 -4.0 
Tech10 68256 68796 68496 68882 69340  540 240 626 1084  0.8 0.4 0.9 1.6 
 
Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 1736 1796 1862 1796 1927  60 126 59 191  3.5 7.2 3.4 11.0 
Tech3 1808 1870 1938 1869 2007  61 130 61 198  3.4 7.2 3.4 11.0 
Tech2 11305 11598 12003 11615 12455  293 698 310 1150  2.6 6.2 2.7 10.2 
Tech4 11581 11905 12338 11927 12803  323 756 345 1221  2.8 6.5 3.0 10.5 
Tech5 12193 12552 13020 12579 13499  360 828 386 1306  2.9 6.8 3.2 10.7 
Tech6 12708 13111 13613 13144 14108  402 905 435 1399  3.2 7.1 3.4 11.0 
Tech7 4722 5096 5569 5127 6023  375 847 405 1302  7.9 17.9 8.6 27.6 
Tech8 4926 5330 5831 5365 6307  404 905 439 1382  8.2 18.4 8.9 28.1 
Tech9 5074 5515 6053 5556 6552  442 980 482 1478  8.7 19.3 9.5 29.1 
Tech10 12316 12790 13351 12837 13878  474 1035 521 1562  3.9 8.4 4.2 12.7 
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Crop Name: Boro Rice 
Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1                   
Tech3                   
Tech2 25.49 25.49 25.49 25.49 25.62  0.0 0.00 0.00 0.13  0.0 0.0 0.0 0.5 
Tech4 26.60 26.62 26.59 26.60 26.74  0.0 -0.01 -0.01 0.14  0.1 0.0 0.0 0.5 
Tech5 27.72 27.74 27.69 27.70 27.87  0.0 -0.03 -0.02 0.16  0.1 -0.1 -0.1 0.6 
Tech6 29.20 29.24 29.16 29.17 29.38  0.0 -0.04 -0.03 0.18  0.1 -0.2 -0.1 0.6 
Tech7 26.60 26.62 26.59 26.60 26.74  0.0 -0.01 -0.01 0.14  0.1 0.0 0.0 0.5 
Tech8 27.72 27.74 27.69 27.70 27.87  0.0 -0.03 -0.02 0.16  0.1 -0.1 -0.1 0.6 
Tech9 29.20 29.24 29.16 29.17 29.38  0.0 -0.04 -0.03 0.18  0.1 -0.2 -0.1 0.6 
Tech10 31.06 31.11 30.99 31.01 31.26  0.1 -0.07 -0.05 0.20  0.2 -0.2 -0.2 0.6 
 
Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1                   
Tech3                   
Tech2 387882 387851 387851 387882 389737  -31 -31 0 1855  0.0 0.0 0.0 0.5 
Tech4 404977 404588 404588 404677 406912  -389 -389 -300 1935  -0.1 -0.1 -0.1 0.5 
Tech5 422247 421500 421500 421648 424263  -747 -747 -600 2016  -0.2 -0.2 -0.1 0.5 
Tech6 445380 444159 444159 444381 447506  -1221 -1221 -999 2126  -0.3 -0.3 -0.2 0.5 
Tech7 405493 405104 405104 405193 407428  -389 -389 -300 1935  -0.1 -0.1 -0.1 0.5 
Tech8 422698 421951 421951 422098 424714  -747 -747 -599 2017  -0.2 -0.2 -0.1 0.5 
Tech9 445508 444285 444285 444509 447634  -1223 -1223 -999 2126  -0.3 -0.3 -0.2 0.5 
Tech10 474028 472210 472210 472530 476290  -1818 -1818 -1499 2262  -0.4 -0.4 -0.3 0.5 
 
Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1                   
Tech3                   
Tech2 319517 319536 320169 319549 320980  20 652 33 1463  0.0 0.2 0.0 0.5 
Tech4 338652 338760 339222 338620 340253  109 570 -32 1601  0.0 0.2 0.0 0.5 
Tech5 379937 380148 380422 379827 381784  211 485 -110 1846  0.1 0.1 0.0 0.5 
Tech6 412338 412671 412708 412130 414387  334 370 -208 2049  0.1 0.1 -0.1 0.5 
Tech7 336172 336273 336687 336146 337614  102 515 -25 1442  0.0 0.2 0.0 0.4 
Tech8 373136 373324 373523 373034 374761  187 387 -103 1624  0.1 0.1 0.0 0.4 
Tech9 383875 384136 384172 383720 385454  261 297 -155 1579  0.1 0.1 0.0 0.4 
Tech10 394370 394721 394382 394106 395963  351 12 -264 1593  0.1 0.0 -0.1 0.4 
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Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1                   
Tech3                   
Tech2 68300 68346 67683 68333 68758  46 -617 33 458  0.1 -0.9 0.0 0.7 
Tech4 66116 66216 65366 66057 66659  100 -750 -59 543  0.2 -1.1 -0.1 0.8 
Tech5 41958 42100 41079 41821 42479  141 -880 -138 521  0.3 -2.1 -0.3 1.2 
Tech6 32501 32709 31451 32251 33119  208 -1050 -250 618  0.6 -3.2 -0.8 1.9 
Tech7 69113 69220 68417 69047 69814  107 -695 -66 701  0.2 -1.0 -0.1 1.0 
Tech8 49210 49374 48427 49064 49954  164 -782 -145 744  0.3 -1.6 -0.3 1.5 
Tech9 61092 61372 60113 60789 62180  281 -978 -303 1088  0.5 -1.6 -0.5 1.8 
Tech10 78879 79307 77828 78424 80327  428 -1051 -455 1448  0.5 -1.3 -0.6 1.8 
 
Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1                 
Tech3                 
Tech2 13887 14337 15136 14362 15637  450 1248 475 1750  3.2 9.0 3.4 12.6 
Tech4 14202 14660 15463 14679 15978  458 1261 478 1776  3.2 8.9 3.4 12.5 
Tech5 14738 15200 15998 15214 16523  462 1260 476 1785  3.1 8.5 3.2 12.1 
Tech6 15280 15748 16540 15754 17075  468 1260 474 1795  3.1 8.2 3.1 11.7 
Tech7 4859 5305 6091 5327 6574  446 1232 468 1715  9.2 25.4 9.6 35.3 
Tech8 5127 5589 6395 5609 6896  463 1268 482 1769  9.0 24.7 9.4 34.5 
Tech9 4652 5130 5958 5149 6470  478 1306 497 1819  10.3 28.1 10.7 39.1 
Tech10 13530 14022 14839 14028 15395  492 1309 498 1865  3.6 9.7 3.7 13.8 
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Annex V: Summary of Non-Rice Crops 
Crop Name: None Rice (Wheat, Maize, Potato, Lentil, Khesari and Mustard) 
Non-Rice Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 0.9 1.0 1.0 1.0 1.1  0.0 0.0 0.0 0.2  2.3 4.1 4.7 18.8 
Tech3 1.1 1.1 1.1 1.1 1.3  0.0 0.0 0.1 0.2  2.3 4.1 4.7 18.3 
Tech2 6.4 6.6 6.7 6.6 6.7  0.2 0.2 0.2 0.2  3.3 3.8 2.9 3.7 
Tech4 7.3 7.6 7.6 7.5 7.7  0.2 0.3 0.2 0.3  3.1 4.1 2.8 4.4 
Tech5 8.3 8.5 8.6 8.5 8.7  0.2 0.4 0.2 0.4  3.0 4.3 2.8 4.9 
Tech6 9.5 9.7 9.9 9.7 10.0  0.3 0.4 0.3 0.5  2.8 4.6 2.7 5.4 
Tech7 7.3 7.6 7.6 7.5 7.7  0.2 0.3 0.2 0.3  3.1 4.1 2.8 4.4 
Tech8 8.3 8.5 8.6 8.5 8.7  0.2 0.4 0.2 0.4  3.0 4.3 2.8 4.9 
Tech9 9.5 9.7 9.9 9.7 10.0  0.3 0.4 0.3 0.5  2.8 4.6 2.7 5.4 
Tech10 11.0 11.3 11.5 11.3 11.7  0.3 0.5 0.3 0.7  2.7 4.8 2.7 6.0 
 
Gross Return (billion BDT)  Change (billion BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 18.6 19.3 19.5 19.8 24.7  0.7 0.9 1.2 6.1  3.6 4.7 6.7 32.9 
Tech3 21.3 22.1 22.3 22.7 28.1  0.8 1.0 1.4 6.8  3.6 4.7 6.7 32.0 
Tech2 82.3 84.8 84.6 85.0 85.7  2.5 2.3 2.7 3.4  3.0 2.8 3.2 4.2 
Tech4 93.8 96.5 96.9 96.7 98.0  2.7 3.1 2.9 4.2  2.9 3.3 3.1 4.5 
Tech5 105.3 108.3 109.2 108.4 110.2  3.0 3.9 3.1 4.9  2.9 3.7 2.9 4.7 
Tech6 120.7 124.0 125.6 124.1 126.6  3.4 4.9 3.4 5.9  2.8 4.1 2.8 4.9 
Tech7 93.8 96.6 96.9 96.7 98.0  2.7 3.1 2.9 4.2  2.9 3.3 3.1 4.5 
Tech8 105.3 108.3 109.2 108.4 110.3  3.0 3.9 3.1 4.9  2.9 3.7 2.9 4.7 
Tech9 120.7 124.1 125.6 124.1 126.6  3.4 4.9 3.4 5.9  2.8 4.1 2.8 4.9 
Tech10 139.9 143.7 146.1 143.6 147.1  3.8 6.2 3.8 7.2  2.7 4.4 2.7 5.2 
 
Total Cost of Production (billion BDT)  Change (billion BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 9.5 9.5 9.5 9.6 10.6  0.1 0.1 0.1 1.1  0.7 0.9 1.3 11.9 
Tech3 9.8 9.9 9.9 10.0 11.1  0.1 0.1 0.2 1.3  0.9 1.3 1.8 13.4 
Tech2 46.5 47.0 46.8 46.8 46.8  0.5 0.2 0.3 0.3  1.0 0.5 0.7 0.6 
Tech4 51.0 51.5 51.4 51.3 51.4  0.5 0.4 0.4 0.5  1.0 0.8 0.8 0.9 
Tech5 61.0 61.7 61.7 61.5 61.7  0.6 0.7 0.5 0.7  1.0 1.1 0.8 1.1 
Tech6 69.5 70.2 70.5 70.0 70.4  0.6 0.9 0.5 0.9  0.9 1.3 0.7 1.3 
Tech7 51.8 52.2 52.0 52.1 52.1  0.4 0.2 0.3 0.2  0.7 0.4 0.5 0.4 
Tech8 59.8 60.2 60.2 60.1 60.2  0.4 0.4 0.3 0.4  0.7 0.7 0.5 0.7 
Tech9 66.9 67.1 67.2 67.0 67.1  0.3 0.3 0.1 0.2  0.4 0.4 0.2 0.3 
Tech10 71.6 71.9 72.1 71.7 71.9  0.3 0.5 0.1 0.2  0.4 0.7 0.1 0.3 
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Net Return (billion BDT)  Change (billion BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 9.1 9.7 9.9 10.2 14.1  0.6 0.8 1.1 5.0  6.7 8.6 12.2 54.6 
Tech3 11.5 12.2 12.4 12.8 17.0  0.7 0.9 1.3 5.5  6.0 7.7 10.9 47.8 
Tech2 35.7 37.8 37.9 38.1 38.9  2.0 2.1 2.4 3.2  5.6 5.9 6.6 8.8 
Tech4 42.8 45.1 45.5 45.3 46.6  2.2 2.7 2.5 3.7  5.2 6.3 5.8 8.7 
Tech5 44.3 46.7 47.5 46.9 48.5  2.4 3.2 2.6 4.2  5.4 7.2 5.9 9.6 
Tech6 51.1 53.9 55.1 54.0 56.2  2.7 4.0 2.9 5.0  5.4 7.8 5.7 9.9 
Tech7 42.0 44.3 44.9 44.6 45.9  2.4 2.9 2.6 4.0  5.7 6.9 6.2 9.4 
Tech8 45.6 48.1 49.0 48.3 50.1  2.6 3.5 2.8 4.5  5.6 7.6 6.1 9.9 
Tech9 53.8 56.9 58.4 57.1 59.6  3.1 4.6 3.2 5.8  5.8 8.6 6.0 10.7 
Tech10 68.2 71.8 74.0 71.9 75.2  3.6 5.7 3.7 7.0  5.2 8.4 5.4 10.2 
 
Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 264 281 302 287 391  17 38 23 127  6.6 14.4 8.6 48.0 
Tech3 290 308 330 313 415  18 40 23 125  6.3 13.9 8.1 43.2 
Tech2 993 1029 1059 1035 1097  36 66 42 104  3.6 6.7 4.2 10.5 
Tech4 1131 1171 1214 1175 1246  41 83 44 115  3.6 7.3 3.9 10.2 
Tech5 1313 1358 1411 1358 1443  45 98 45 130  3.4 7.5 3.4 9.9 
Tech6 1532 1580 1648 1576 1679  49 116 45 147  3.2 7.6 2.9 9.6 
Tech7 -721 -697 -653 -694 -624  24 68 28 98  -3.4 -9.5 -3.8 -13.5 
Tech8 -738 -717 -671 -715 -643  22 68 23 96  -2.9 -9.1 -3.1 -13.0 
Tech9 -792 -776 -730 -776 -706  16 63 17 87  -2.1 -7.9 -2.1 -11.0 
Tech10 1160 1188 1243 1179 1256  28 82 19 96  2.4 7.1 1.6 8.3 
 
Crop Name: Wheat 
Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 0.07 0.07 0.07 0.07 0.07  0.0 0.00 0.01 0.01  4.1 3.4 8.9 9.0 
Tech3 0.07 0.07 0.07 0.07 0.07  0.0 0.00 0.01 0.01  4.1 3.4 8.9 9.0 
Tech2 0.78 0.76 0.72 0.79 0.71  0.0 -0.07 0.01 -0.08  -3.3 -8.4 0.8 -10.0 
Tech4 0.87 0.84 0.81 0.86 0.79  0.0 -0.06 -0.01 -0.08  -3.4 -7.0 -0.9 -9.5 
Tech5 0.95 0.92 0.90 0.93 0.87  0.0 -0.06 -0.02 -0.09  -3.5 -5.8 -2.4 -9.1 
Tech6 1.06 1.03 1.02 1.02 0.97  0.0 -0.05 -0.04 -0.09  -3.6 -4.6 -4.0 -8.7 
Tech7 0.87 0.84 0.81 0.86 0.79  0.0 -0.06 -0.01 -0.08  -3.4 -7.0 -0.9 -9.5 
Tech8 0.95 0.92 0.90 0.93 0.87  0.0 -0.06 -0.02 -0.09  -3.5 -5.8 -2.4 -9.1 
Tech9 1.06 1.03 1.02 1.02 0.97  0.0 -0.05 -0.04 -0.09  -3.6 -4.6 -4.0 -8.7 
Tech10 1.21 1.16 1.16 1.14 1.11  0.0 -0.04 -0.07 -0.10  -3.7 -3.3 -5.5 -8.3 
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Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 1483 1474 1474 1551 1553  -10 -10 68 69  -0.6 -0.6 4.6 4.7 
Tech3 1483 1474 1474 1551 1552  -10 -10 68 69  -0.6 -0.6 4.6 4.7 
Tech2 16528 15653 15653 17231 15377  -874 -874 703 -1150  -5.3 -5.3 4.3 -7.0 
Tech4 18280 17601 17601 18749 17122  -679 -679 469 -1158  -3.7 -3.7 2.6 -6.3 
Tech5 20034 19550 19550 20269 18868  -483 -483 235 -1166  -2.4 -2.4 1.2 -5.8 
Tech6 22372 22149 22149 22295 21196  -223 -223 -77 -1176  -1.0 -1.0 -0.3 -5.3 
Tech7 18282 17603 17603 18751 17123  -679 -679 469 -1158  -3.7 -3.7 2.6 -6.3 
Tech8 20035 19552 19552 20270 18869  -483 -483 235 -1166  -2.4 -2.4 1.2 -5.8 
Tech9 22373 22150 22150 22296 21196  -223 -223 -77 -1176  -1.0 -1.0 -0.3 -5.3 
Tech10 25295 25398 25398 24828 24106  103 103 -467 -1189  0.4 0.4 -1.8 -4.7 
 
Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 1094 1097 1096 1100 1106  3 2 6 12  0.2 0.2 0.6 1.1 
Tech3 1094 1097 1096 1100 1106  3 2 6 12  0.2 0.2 0.6 1.1 
Tech2 10566 10490 10270 10617 10276  -75 -296 51 -290  -0.7 -2.8 0.5 -2.7 
Tech4 11302 11177 10956 11287 10878  -124 -345 -14 -424  -1.1 -3.1 -0.1 -3.8 
Tech5 12935 12703 12505 12783 12307  -232 -430 -152 -627  -1.8 -3.3 -1.2 -4.8 
Tech6 14916 14545 14479 14546 14106  -371 -438 -370 -810  -2.5 -2.9 -2.5 -5.4 
Tech7 11676 11573 11377 11661 11312  -104 -300 -15 -364  -0.9 -2.6 -0.1 -3.1 
Tech8 12655 12468 12299 12524 12136  -187 -356 -130 -518  -1.5 -2.8 -1.0 -4.1 
Tech9 14230 13994 13933 13982 13694  -237 -297 -248 -536  -1.7 -2.1 -1.7 -3.8 
Tech10 15617 15260 15310 15112 14891  -357 -307 -505 -726  -2.3 -2.0 -3.2 -4.6 
 
Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 332 387 378 452 447  56 47 120 115  16.8 14.1 36.2 34.7 
Tech3 331 387 378 452 447  56 47 120 115  16.8 14.1 36.2 34.8 
Tech2 6521 6037 5383 6614 5102  -484 -1138 93 -1419  -7.4 -17.4 1.4 -21.8 
Tech4 7623 7103 6645 7462 6245  -520 -977 -160 -1378  -6.8 -12.8 -2.1 -18.1 
Tech5 7828 7331 7045 7486 6561  -497 -782 -342 -1267  -6.3 -10.0 -4.4 -16.2 
Tech6 8297 7827 7671 7749 7090  -470 -627 -549 -1208  -5.7 -7.6 -6.6 -14.6 
Tech7 7249 6709 6226 7090 5811  -540 -1023 -159 -1438  -7.4 -14.1 -2.2 -19.8 
Tech8 8109 7567 7253 7745 6733  -542 -856 -364 -1376  -6.7 -10.6 -4.5 -17.0 
Tech9 8984 8379 8217 8314 7502  -605 -768 -671 -1482  -6.7 -8.5 -7.5 -16.5 
Tech10 10661 10035 10088 9716 9215  -626 -573 -946 -1446  -5.9 -5.4 -8.9 -13.6 
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Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 32 34 36 35 39  2 4 3 7  6.1 13.1 8.0 21.1 
Tech3 32 34 36 35 39  2 4 3 7  6.1 13.1 8.0 21.1 
Tech2 345 347 350 362 359  2 5 17 14  0.6 1.5 5.0 4.1 
Tech4 381 382 389 393 394  1 8 12 13  0.3 2.1 3.2 3.5 
Tech5 437 437 449 444 450  -1 11 6 13  -0.1 2.6 1.5 3.0 
Tech6 507 503 522 504 517  -4 15 -3 10  -0.7 2.9 -0.6 2.0 
Tech7 -208 -201 -187 -195 -177  7 21 13 31  -3.5 -10.1 -6.4 -15.1 
Tech8 -201 -194 -178 -190 -169  7 23 11 32  -3.5 -11.6 -5.6 -15.8 
Tech9 -216 -209 -190 -207 -182  7 26 9 34  -3.4 -12.0 -4.1 -15.9 
Tech10 427 424 448 418 440  -3 21 -9 14  -0.6 4.9 -2.1 3.2 
 
Crop Name: Maize 
Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 0.01 0.01 0.01 0.01 0.01  0.0 0.00 0.00 0.00  0.1 -6.4 -8.4 -19.2 
Tech3 0.01 0.01 0.01 0.01 0.01  0.0 0.00 0.00 0.00  0.1 -6.4 -8.4 -19.2 
Tech2 0.66 0.65 0.61 0.62 0.57  0.0 -0.05 -0.04 -0.09  -1.7 -8.0 -5.7 -14.0 
Tech4 0.69 0.68 0.63 0.65 0.59  0.0 -0.06 -0.04 -0.10  -1.9 -8.2 -5.8 -14.1 
Tech5 0.72 0.70 0.66 0.68 0.62  0.0 -0.06 -0.04 -0.10  -2.1 -8.4 -5.8 -14.2 
Tech6 0.76 0.74 0.69 0.71 0.65  0.0 -0.06 -0.04 -0.11  -2.3 -8.6 -5.8 -14.4 
Tech7 0.69 0.68 0.63 0.65 0.59  0.0 -0.06 -0.04 -0.10  -1.9 -8.2 -5.8 -14.1 
Tech8 0.72 0.70 0.66 0.68 0.62  0.0 -0.06 -0.04 -0.10  -2.1 -8.4 -5.8 -14.2 
Tech9 0.76 0.74 0.69 0.71 0.65  0.0 -0.06 -0.04 -0.11  -2.3 -8.6 -5.8 -14.4 
Tech10 0.80 0.78 0.73 0.76 0.69  0.0 -0.07 -0.05 -0.12  -2.6 -8.8 -5.9 -14.5 
 
Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 135 126 126 123 109  -9 -9 -12 -26  -6.5 -6.5 -8.6 -19.3 
Tech3 135 126 126 123 109  -9 -9 -12 -26  -6.5 -6.5 -8.6 -19.3 
Tech2 7413 6937 6937 7107 6481  -476 -476 -306 -932  -6.4 -6.4 -4.1 -12.6 
Tech4 7718 7223 7223 7414 6754  -495 -495 -304 -964  -6.4 -6.4 -3.9 -12.5 
Tech5 8022 7508 7508 7720 7027  -514 -514 -302 -995  -6.4 -6.4 -3.8 -12.4 
Tech6 8434 7896 7896 8135 7396  -539 -539 -300 -1038  -6.4 -6.4 -3.6 -12.3 
Tech7 7724 7229 7229 7420 6760  -495 -495 -304 -964  -6.4 -6.4 -3.9 -12.5 
Tech8 8029 7515 7515 7726 7033  -514 -514 -302 -996  -6.4 -6.4 -3.8 -12.4 
Tech9 8435 7896 7896 8135 7396  -539 -539 -300 -1038  -6.4 -6.4 -3.6 -12.3 
Tech10 8942 8372 8372 8646 7851  -570 -570 -297 -1091  -6.4 -6.4 -3.3 -12.2 
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Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 292 293 292 292 292  0 0 0 0  0.1 0.0 0.0 0.0 
Tech3 292 293 292 292 292  0 0 0 0  0.1 0.0 0.0 0.0 
Tech2 5172 5102 4855 4921 4602  -70 -317 -251 -570  -1.4 -6.1 -4.9 -11.0 
Tech4 5570 5481 5212 5297 4942  -89 -358 -273 -628  -1.6 -6.4 -4.9 -11.3 
Tech5 6400 6286 5962 6080 5650  -114 -438 -320 -750  -1.8 -6.8 -5.0 -11.7 
Tech6 7014 6879 6512 6659 6179  -136 -503 -355 -836  -1.9 -7.2 -5.1 -11.9 
Tech7 5504 5423 5182 5258 4939  -80 -321 -245 -564  -1.5 -5.8 -4.5 -10.3 
Tech8 6109 6004 5719 5822 5438  -105 -390 -287 -671  -1.7 -6.4 -4.7 -11.0 
Tech9 6331 6227 5967 6074 5718  -104 -364 -257 -614  -1.6 -5.8 -4.1 -9.7 
Tech10 6714 6585 6291 6426 6024  -128 -423 -288 -690  -1.9 -6.3 -4.3 -10.3 
 
Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 -158 -158 -167 -169 -184  0 -9 -11 -26  0.0 5.4 7.2 16.3 
Tech3 -158 -158 -167 -169 -184  0 -9 -11 -26  0.0 5.4 7.2 16.3 
Tech2 2367 2311 2082 2186 1879  -56 -285 -181 -488  -2.4 -12.0 -7.6 -20.6 
Tech4 2297 2237 2011 2117 1813  -60 -286 -180 -484  -2.6 -12.4 -7.8 -21.1 
Tech5 1794 1736 1547 1641 1377  -58 -248 -154 -417  -3.2 -13.8 -8.6 -23.2 
Tech6 1623 1556 1384 1476 1217  -67 -239 -147 -405  -4.1 -14.7 -9.1 -25.0 
Tech7 2370 2301 2047 2162 1820  -69 -323 -208 -549  -2.9 -13.6 -8.8 -23.2 
Tech8 2091 2024 1795 1904 1594  -67 -296 -187 -497  -3.2 -14.1 -8.9 -23.8 
Tech9 2306 2208 1929 2061 1679  -98 -377 -245 -627  -4.3 -16.4 -10.6 -27.2 
Tech10 2469 2357 2081 2219 1827  -112 -388 -250 -642  -4.6 -15.7 -10.1 -26.0 
 
Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 4 5 5 5 5  0 1 0 1  5.2 11.3 4.8 15.9 
Tech3 4 5 5 5 5  0 1 0 1  5.2 11.3 4.8 15.9 
Tech2 165 166 160 158 153  1 -4 -7 -12  0.8 -2.6 -4.0 -7.2 
Tech4 174 175 169 167 161  1 -5 -7 -13  0.5 -3.0 -4.1 -7.7 
Tech5 190 190 184 182 175  0 -6 -8 -15  0.3 -3.2 -4.0 -7.7 
Tech6 207 207 200 199 191  0 -7 -8 -16  -0.1 -3.6 -4.0 -7.9 
Tech7 -85 -82 -80 -85 -80  3 5 1 5  -3.8 -5.9 -0.6 -5.9 
Tech8 -85 -82 -80 -85 -80  3 5 0 5  -3.6 -5.6 -0.5 -5.4 
Tech9 -103 -99 -96 -101 -95  3 6 2 8  -3.2 -6.3 -1.8 -7.6 
Tech10 159 159 154 153 147  0 -6 -6 -12  -0.3 -3.5 -3.9 -7.6 
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Crop Name: Potato 
Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 0.59 0.60 0.61 0.61 0.61  0.0 0.02 0.02 0.02  0.7 3.7 2.5 3.5 
Tech3 0.68 0.68 0.71 0.70 0.70  0.0 0.03 0.02 0.02  0.7 3.7 2.5 3.5 
Tech2 4.76 4.99 5.10 4.96 5.11  0.2 0.34 0.19 0.35  4.8 7.2 4.0 7.3 
Tech4 5.53 5.78 5.92 5.75 5.97  0.2 0.39 0.23 0.44  4.5 7.1 4.1 8.0 
Tech5 6.30 6.56 6.74 6.55 6.83  0.3 0.44 0.26 0.53  4.2 7.1 4.1 8.5 
Tech6 7.32 7.61 7.83 7.62 7.98  0.3 0.51 0.30 0.66  4.0 7.0 4.1 9.0 
Tech7 5.53 5.78 5.92 5.75 5.97  0.2 0.39 0.23 0.44  4.5 7.1 4.1 8.0 
Tech8 6.30 6.56 6.74 6.55 6.83  0.3 0.44 0.26 0.53  4.2 7.1 4.1 8.5 
Tech9 7.32 7.61 7.83 7.62 7.98  0.3 0.51 0.30 0.66  4.0 7.0 4.1 9.0 
Tech10 8.59 8.91 9.19 8.95 9.41  0.3 0.60 0.36 0.82  3.7 7.0 4.2 9.5 
 
Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 6071 6251 6251 6180 6235  180 180 110 165  3.0 3.0 1.8 2.7 
Tech3 6978 7186 7186 7104 7168  208 208 126 189  3.0 3.0 1.8 2.7 
Tech2 50888 52011 52011 50495 52087  1123 1123 -393 1199  2.2 2.2 -0.8 2.4 
Tech4 58877 60340 60340 58637 60842  1464 1464 -239 1965  2.5 2.5 -0.4 3.3 
Tech5 66866 68670 68670 66779 69598  1804 1804 -86 2732  2.7 2.7 -0.1 4.1 
Tech6 77517 79776 79776 77635 81272  2259 2259 118 3754  2.9 2.9 0.2 4.8 
Tech7 58877 60340 60340 58637 60842  1464 1464 -239 1965  2.5 2.5 -0.4 3.3 
Tech8 66866 68670 68670 66779 69598  1804 1804 -86 2732  2.7 2.7 -0.1 4.1 
Tech9 77517 79776 79776 77635 81272  2259 2259 118 3754  2.9 2.9 0.2 4.8 
Tech10 90832 93659 93659 91205 95864  2826 2826 373 5032  3.1 3.1 0.4 5.5 
 
Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 4092 4104 4126 4112 4123  12 33 20 31  0.3 0.8 0.5 0.8 
Tech3 4219 4235 4262 4246 4259  15 43 26 40  0.4 1.0 0.6 0.9 
Tech2 26893 27444 27660 27334 27688  551 767 441 795  2.0 2.9 1.6 3.0 
Tech4 29721 30366 30740 30297 30887  645 1019 575 1166  2.2 3.4 1.9 3.9 
Tech5 36603 37427 37980 37394 38273  824 1377 791 1670  2.3 3.8 2.2 4.6 
Tech6 41663 42584 43296 42616 43767  921 1633 953 2104  2.2 3.9 2.3 5.0 
Tech7 30082 30550 30809 30505 30925  468 728 423 843  1.6 2.4 1.4 2.8 
Tech8 36080 36683 37102 36655 37348  603 1022 575 1268  1.7 2.8 1.6 3.5 
Tech9 40756 41194 41533 41209 41757  438 777 452 1000  1.1 1.9 1.1 2.5 
Tech10 43135 43625 44057 43680 44405  490 922 545 1269  1.1 2.1 1.3 2.9 
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Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 1935 1966 2125 2068 2112  31 191 133 177  1.6 9.9 6.9 9.2 
Tech3 2709 2743 2923 2858 2908  35 215 150 200  1.3 7.9 5.5 7.4 
Tech2 21646 23444 24351 23161 24398  1798 2705 1515 2752  8.3 12.5 7.0 12.7 
Tech4 26622 28511 29600 28341 29955  1889 2978 1719 3333  7.1 11.2 6.5 12.5 
Tech5 27544 29438 30689 29385 31324  1895 3146 1841 3781  6.9 11.4 6.7 13.7 
Tech6 32889 34934 36480 35019 37505  2045 3591 2130 4616  6.2 10.9 6.5 14.0 
Tech7 26262 28327 29531 28133 29917  2065 3269 1871 3656  7.9 12.4 7.1 13.9 
Tech8 28067 30183 31568 30124 32250  2116 3501 2057 4183  7.5 12.5 7.3 14.9 
Tech9 33796 36323 38243 36427 39515  2528 4447 2631 5719  7.5 13.2 7.8 16.9 
Tech10 44423 47207 49601 47525 51460  2784 5178 3102 7037  6.3 11.7 7.0 15.8 
 
Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 35 37 39 37 41  2 4 2 6  4.9 12.0 5.3 16.4 
Tech3 37 39 42 39 43  2 4 2 6  4.9 12.1 5.5 16.4 
Tech2 335 359 382 357 394  25 47 22 59  7.3 14.0 6.6 17.5 
Tech4 389 418 447 417 463  29 57 27 74  7.3 14.7 7.0 19.0 
Tech5 477 510 545 510 567  33 68 33 90  6.9 14.2 6.9 18.8 
Tech6 587 625 668 627 697  38 81 40 110  6.4 13.7 6.8 18.7 
Tech7 -296 -286 -270 -286 -258  10 26 10 38  -3.4 -8.9 -3.4 -12.9 
Tech8 -319 -312 -296 -311 -284  7 23 8 35  -2.3 -7.1 -2.4 -11.1 
Tech9 -333 -331 -319 -331 -311  3 14 3 22  -0.8 -4.3 -0.9 -6.7 
Tech10 371 386 410 388 426  16 39 17 56  4.2 10.5 4.6 15.0 
 
Crop Name: Lentil 
Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 0.06 0.06 0.06 0.06 0.08  0.0 0.00 0.00 0.02  4.9 5.4 8.0 34.0 
Tech3 0.07 0.08 0.08 0.08 0.10  0.0 0.00 0.01 0.02  4.9 5.4 8.0 33.6 
Tech2 0.06 0.07 0.07 0.07 0.08  0.0 0.01 0.01 0.02  10.4 12.0 13.0 33.1 
Tech4 0.07 0.08 0.08 0.08 0.09  0.0 0.01 0.01 0.02  10.5 11.7 12.9 26.8 
Tech5 0.09 0.10 0.10 0.10 0.11  0.0 0.01 0.01 0.02  10.6 11.5 12.9 22.4 
Tech6 0.10 0.11 0.12 0.12 0.12  0.0 0.01 0.01 0.02  10.8 11.4 12.9 18.3 
Tech7 0.07 0.08 0.08 0.08 0.09  0.0 0.01 0.01 0.02  10.5 11.7 12.9 26.8 
Tech8 0.09 0.10 0.10 0.10 0.11  0.0 0.01 0.01 0.02  10.6 11.5 12.9 22.4 
Tech9 0.10 0.11 0.12 0.12 0.12  0.0 0.01 0.01 0.02  10.8 11.4 12.9 18.3 
Tech10 0.12 0.14 0.14 0.14 0.14  0.0 0.01 0.02 0.02  10.9 11.2 12.9 14.7 
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Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 3926 3944 3944 4040 5014  18 18 114 1088  0.5 0.5 2.9 27.7 
Tech3 4717 4739 4739 4854 6008  22 22 137 1292  0.5 0.5 2.9 27.4 
Tech2 4162 4226 4226 4260 5021  63 63 98 858  1.5 1.5 2.4 20.6 
Tech4 5053 5109 5109 5163 5799  56 56 110 746  1.1 1.1 2.2 14.8 
Tech5 5946 5994 5994 6067 6580  48 48 121 634  0.8 0.8 2.0 10.7 
Tech6 7136 7174 7174 7272 7620  38 38 136 484  0.5 0.5 1.9 6.8 
Tech7 5054 5110 5110 5164 5801  56 56 110 746  1.1 1.1 2.2 14.8 
Tech8 5949 5997 5997 6070 6583  48 48 121 634  0.8 0.8 2.0 10.7 
Tech9 7139 7177 7177 7275 7623  38 38 136 484  0.5 0.5 1.9 6.8 
Tech10 8627 8652 8652 8782 8924  25 25 155 297  0.3 0.3 1.8 3.4 
 
 
Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 992 1002 1003 1009 1108  11 11 18 116  1.1 1.1 1.8 11.7 
Tech3 1009 1021 1023 1030 1113  12 14 22 104  1.2 1.4 2.1 10.3 
Tech2 1356 1363 1370 1365 1448  8 14 10 92  0.6 1.0 0.7 6.8 
Tech4 1536 1557 1564 1563 1631  22 28 27 95  1.4 1.8 1.8 6.2 
Tech5 1797 1842 1849 1851 1919  45 52 54 122  2.5 2.9 3.0 6.8 
Tech6 2112 2185 2195 2199 2255  74 83 87 143  3.5 3.9 4.1 6.8 
Tech7 1617 1636 1642 1641 1703  20 26 25 87  1.2 1.6 1.5 5.4 
Tech8 1736 1778 1784 1786 1846  42 47 49 110  2.4 2.7 2.8 6.3 
Tech9 1972 2029 2036 2039 2082  56 63 67 110  2.9 3.2 3.4 5.6 
Tech10 2189 2266 2272 2280 2301  77 83 91 112  3.5 3.8 4.2 5.1 
 
Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 2751 2924 2941 3031 3906  173 191 280 1155  6.3 6.9 10.2 42.0 
Tech3 3487 3696 3716 3823 4895  209 229 336 1408  6.0 6.6 9.6 40.4 
Tech2 2416 2799 2856 2895 3573  383 440 479 1157  15.9 18.2 19.8 47.9 
Tech4 3036 3495 3545 3599 4168  460 509 564 1132  15.1 16.8 18.6 37.3 
Tech5 3577 4104 4145 4216 4661  527 568 640 1084  14.7 15.9 17.9 30.3 
Tech6 4331 4951 4980 5073 5365  620 649 742 1034  14.3 15.0 17.1 23.9 
Tech7 2956 3418 3468 3523 4097  462 512 566 1141  15.6 17.3 19.2 38.6 
Tech8 3640 4171 4213 4284 4736  531 573 644 1097  14.6 15.8 17.7 30.1 
Tech9 4473 5110 5141 5236 5541  637 668 763 1068  14.2 14.9 17.1 23.9 
Tech10 5593 6361 6380 6502 6623  768 787 909 1029  13.7 14.1 16.3 18.4 
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Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 42 45 48 46 63  3 7 4 21  7.9 15.7 10.5 51.1 
Tech3 41 43 46 43 50  2 5 2 9  4.9 12.4 5.6 21.7 
Tech2 40 43 45 43 53  2 5 2 13  5.2 11.9 5.6 31.5 
Tech4 55 57 60 57 64  2 6 2 9  4.1 10.5 4.4 17.4 
Tech5 62 64 68 64 71  3 6 3 10  4.3 10.0 4.6 16.0 
Tech6 69 72 75 72 79  3 7 4 10  4.7 10.0 5.1 14.9 
Tech7 -51 -51 -48 -52 -49  -1 2 -1 2  1.5 -4.7 2.6 -3.4 
Tech8 -53 -54 -51 -55 -51  -1 2 -1 2  1.7 -4.2 2.8 -3.9 
Tech9 -57 -59 -55 -59 -55  -1 2 -2 2  2.4 -3.4 3.4 -3.9 
Tech10 60 64 67 64 70  3 7 4 9  5.6 11.3 6.1 15.6 
 
Crop Name: Khesari 
Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 0.08 0.08 0.08 0.08 0.10  0.0 0.00 0.01 0.02  4.6 4.9 7.4 31.1 
Tech3 0.09 0.09 0.09 0.09 0.11  0.0 0.00 0.01 0.03  4.6 4.9 7.5 31.1 
Tech2 0.08 0.08 0.08 0.08 0.10  0.0 0.01 0.01 0.02  9.3 10.0 11.5 31.1 
Tech4 0.09 0.10 0.10 0.10 0.11  0.0 0.01 0.01 0.02  9.9 10.1 11.8 25.6 
Tech5 0.10 0.12 0.12 0.12 0.13  0.0 0.01 0.01 0.02  10.3 10.1 12.1 21.6 
Tech6 0.12 0.14 0.14 0.14 0.15  0.0 0.01 0.02 0.02  10.8 10.2 12.3 17.8 
Tech7 0.09 0.10 0.10 0.10 0.11  0.0 0.01 0.01 0.02  9.9 10.1 11.8 25.6 
Tech8 0.10 0.12 0.12 0.12 0.13  0.0 0.01 0.01 0.02  10.3 10.1 12.1 21.6 
Tech9 0.12 0.14 0.14 0.14 0.15  0.0 0.01 0.02 0.02  10.8 10.2 12.3 17.8 
Tech10 0.15 0.16 0.16 0.17 0.17  0.0 0.02 0.02 0.02  11.2 10.2 12.5 14.3 
 
Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 2592 2600 2600 2663 3250  8 8 71 658  0.3 0.3 2.7 25.4 
Tech3 2971 2980 2980 3052 3725  9 9 81 754  0.3 0.3 2.7 25.4 
Tech2 2712 2730 2730 2767 3254  18 18 56 542  0.7 0.7 2.1 20.0 
Tech4 3230 3235 3235 3287 3692  5 5 57 462  0.2 0.2 1.8 14.3 
Tech5 3758 3751 3751 3817 4143  -7 -7 59 385  -0.2 -0.2 1.6 10.2 
Tech6 4463 4439 4439 4524 4744  -24 -24 61 281  -0.5 -0.5 1.4 6.3 
Tech7 3236 3241 3241 3293 3699  5 5 57 463  0.2 0.2 1.8 14.3 
Tech8 3773 3766 3766 3832 4159  -7 -7 59 386  -0.2 -0.2 1.6 10.2 
Tech9 4483 4459 4459 4544 4765  -24 -24 61 282  -0.5 -0.5 1.4 6.3 
Tech10 5368 5323 5323 5432 5521  -45 -45 64 153  -0.8 -0.8 1.2 2.8 
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Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 857 857 857 858 872  1 1 2 16  0.1 0.1 0.2 1.9 
Tech3 937 937 937 938 950  1 0 1 14  0.1 0.0 0.1 1.5 
Tech2 1149 1146 1148 1146 1176  -3 -1 -3 28  -0.2 -0.1 -0.3 2.4 
Tech4 1278 1275 1278 1275 1298  -3 0 -3 20  -0.2 0.0 -0.3 1.6 
Tech5 1357 1360 1363 1360 1384  4 7 4 27  0.3 0.5 0.3 2.0 
Tech6 1461 1473 1476 1475 1502  12 15 14 41  0.8 1.0 1.0 2.8 
Tech7 1368 1366 1368 1365 1386  -3 0 -3 18  -0.2 0.0 -0.2 1.3 
Tech8 1431 1434 1437 1434 1455  4 6 4 24  0.2 0.4 0.2 1.7 
Tech9 1606 1616 1618 1617 1638  9 11 11 32  0.6 0.7 0.7 2.0 
Tech10 1770 1807 1806 1812 1823  37 36 42 53  2.1 2.0 2.4 3.0 
 
Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 1622 1735 1743 1805 2378  112 121 182 756  6.9 7.4 11.2 46.6 
Tech3 1904 2034 2043 2115 2775  130 140 211 871  6.8 7.3 11.1 45.8 
Tech2 1333 1566 1581 1621 2077  233 248 288 744  17.5 18.6 21.6 55.8 
Tech4 1661 1955 1957 2012 2394  293 296 351 733  17.7 17.8 21.1 44.1 
Tech5 2049 2398 2388 2457 2759  348 338 407 710  17.0 16.5 19.9 34.6 
Tech6 2567 2989 2963 3048 3242  422 396 481 674  16.4 15.4 18.7 26.3 
Tech7 1577 1870 1873 1928 2312  294 296 351 736  18.6 18.8 22.3 46.7 
Tech8 1989 2339 2329 2398 2705  350 340 409 716  17.6 17.1 20.6 36.0 
Tech9 2441 2867 2841 2927 3127  427 401 486 687  17.5 16.4 19.9 28.1 
Tech10 3059 3561 3517 3620 3697  502 458 561 638  16.4 15.0 18.3 20.9 
 
Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 43 45 49 45 54  2 6 2 11  5.1 14.1 5.6 24.6 
Tech3 59 61 66 61 69  3 8 3 10  4.6 12.9 4.8 17.7 
Tech2 50 52 56 52 61  2 6 2 12  4.3 12.3 4.6 23.6 
Tech4 69 71 77 71 80  3 8 3 11  3.8 11.5 3.9 16.5 
Tech5 72 74 80 74 83  3 8 3 11  3.8 11.2 3.9 15.9 
Tech6 73 76 82 76 85  3 8 3 12  4.0 11.2 4.1 15.8 
Tech7 -53 -52 -47 -53 -47  0 6 0 6  -0.9 -10.9 -0.3 -10.7 
Tech8 -55 -55 -49 -55 -49  0 5 0 6  -0.2 -10.0 0.4 -10.5 
Tech9 -59 -59 -54 -59 -53  0 5 -1 6  0.7 -8.7 1.2 -10.2 
Tech10 70 74 79 74 82  3 9 4 12  4.8 12.2 5.1 16.6 
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Crop Name: Mustard 
Production (million metric ton)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 0.14 0.15 0.15 0.15 0.25  0.0 0.01 0.01 0.11  5.7 6.0 10.2 78.7 
Tech3 0.16 0.17 0.17 0.18 0.28  0.0 0.01 0.02 0.12  5.7 6.0 10.2 74.3 
Tech2 0.08 0.09 0.09 0.09 0.10  0.0 0.01 0.01 0.02  6.2 6.9 7.7 21.7 
Tech4 0.09 0.10 0.10 0.10 0.11  0.0 0.01 0.01 0.02  7.1 7.8 8.7 19.5 
Tech5 0.10 0.11 0.11 0.11 0.12  0.0 0.01 0.01 0.02  7.9 8.5 9.6 17.7 
Tech6 0.11 0.12 0.12 0.12 0.13  0.0 0.01 0.01 0.02  8.7 9.3 10.5 15.6 
Tech7 0.09 0.10 0.10 0.10 0.11  0.0 0.01 0.01 0.02  7.1 7.8 8.7 19.5 
Tech8 0.10 0.11 0.11 0.11 0.12  0.0 0.01 0.01 0.02  7.9 8.5 9.6 17.7 
Tech9 0.11 0.12 0.12 0.12 0.13  0.0 0.01 0.01 0.02  8.7 9.3 10.5 15.6 
Tech10 0.12 0.14 0.14 0.14 0.14  0.0 0.01 0.01 0.02  9.6 10.1 11.5 13.6 
 
Gross Return (million BDT)  Change (million metric ton)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 5046 5061 5061 5261 8527  14 14 214 3481  0.3 0.3 4.3 69.0 
Tech3 5801 5818 5818 6048 9564  16 16 246 3763  0.3 0.3 4.2 64.9 
Tech2 3050 3071 3071 3093 3496  21 21 43 446  0.7 0.7 1.4 14.6 
Tech4 3370 3391 3391 3421 3761  21 21 51 390  0.6 0.6 1.5 11.6 
Tech5 3692 3713 3713 3750 4027  21 21 58 335  0.6 0.6 1.6 9.1 
Tech6 4126 4146 4146 4194 4387  21 21 69 261  0.5 0.5 1.7 6.3 
Tech7 3379 3400 3400 3430 3770  21 21 51 391  0.6 0.6 1.5 11.6 
Tech8 3699 3720 3720 3757 4034  21 21 58 335  0.6 0.6 1.6 9.1 
Tech9 4126 4146 4146 4194 4387  21 21 69 261  0.5 0.5 1.7 6.3 
Tech10 4659 4680 4680 4740 4827  21 21 81 168  0.4 0.4 1.7 3.6 
 
Total Cost of Production (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 2127 2166 2169 2202 3072  39 42 75 945  1.8 2.0 3.5 44.5 
Tech3 2254 2313 2318 2371 3398  59 64 116 1144  2.6 2.8 5.2 50.8 
Tech2 1411 1455 1461 1466 1624  44 50 55 213  3.1 3.5 3.9 15.1 
Tech4 1546 1614 1622 1629 1772  68 76 83 226  4.4 4.9 5.4 14.6 
Tech5 1935 2034 2045 2056 2191  99 111 121 256  5.1 5.7 6.3 13.3 
Tech6 2366 2498 2510 2527 2632  131 144 160 265  5.6 6.1 6.8 11.2 
Tech7 1596 1658 1666 1672 1802  61 69 75 205  3.8 4.3 4.7 12.9 
Tech8 1760 1850 1860 1870 1992  90 100 110 232  5.1 5.7 6.3 13.2 
Tech9 1979 2079 2089 2101 2182  101 110 123 203  5.1 5.6 6.2 10.3 
Tech10 2214 2363 2374 2395 2437  149 161 181 223  6.7 7.3 8.2 10.1 
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Net Return (million BDT)  Change (million BDT)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 2646 2881 2892 3059 5455  235 246 413 2809  8.9 9.3 15.6 106.2 
Tech3 3232 3488 3499 3677 6166  256 267 445 2934  7.9 8.3 13.8 90.8 
Tech2 1461 1595 1610 1627 1872  133 149 165 411  9.1 10.2 11.3 28.1 
Tech4 1601 1757 1769 1792 1988  156 168 191 387  9.7 10.5 11.9 24.2 
Tech5 1488 1658 1667 1694 1836  170 180 207 348  11.5 12.1 13.9 23.4 
Tech6 1428 1628 1636 1667 1755  200 208 240 327  14.0 14.6 16.8 22.9 
Tech7 1559 1721 1734 1758 1968  163 176 199 410  10.4 11.3 12.8 26.3 
Tech8 1669 1849 1859 1887 2042  180 190 218 373  10.8 11.4 13.1 22.4 
Tech9 1815 2046 2057 2093 2205  231 242 277 389  12.7 13.3 15.3 21.4 
Tech10 2037 2296 2305 2345 2390  259 269 309 353  12.7 13.2 15.2 17.3 
 
Net GWP ( kt CO2)  Change ( kt CO2)  Change (%) 
Tech Base 4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC  4.5NC 4.5MC 8.5NC 8.5MC 
Tech1 108 116 124 119 189  8 16 11 82  7.5 15.3 10.5 75.6 
Tech3 117 127 136 131 210  9 18 14 92  8.1 15.8 11.6 79.0 
Tech2 58 62 66 63 77  4 8 5 19  7.0 13.1 8.2 32.6 
Tech4 63 69 73 70 83  6 9 6 20  8.7 14.9 10.2 31.7 
Tech5 75 82 86 83 96  7 11 8 21  9.1 14.7 10.5 27.5 
Tech6 89 97 102 98 110  8 13 10 21  9.4 14.7 11.0 24.1 
Tech7 -28 -24 -21 -24 -13  4 8 5 16  -14.2 -27.3 -16.3 -55.2 
Tech8 -25 -20 -16 -19 -9  5 9 6 16  -20.1 -36.0 -23.1 -65.1 
Tech9 -24 -19 -15 -19 -10  5 9 6 14  -20.6 -36.8 -23.6 -59.1 
Tech10 73 81 85 82 90  8 13 10 18  11.3 17.3 13.1 24.4 
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Annex VI: Tables 
Table A-3.1: Trend analysis for temperature of 34 BMD stations (CEGIS, 2014) 
Region Station 
Temperature Change, °C per 100 years 
Max Avg Max Min Avg Min Avg 
North West Dinajpur -6.1 0.82 0.5 4.5 -0.2 
Rangpur -7.4 0.85 1.6 3.8 0.6 
Rajshahi -0.8 1.74 -4.8 2.41 0.9 
Bogra -5.6 0.91 0.9 2.5 0.9 
Iswardi 1.0 1.82 -0.4 2.55 0.3 
Saydpur -2.5 2.8 2.0 2.04 2.4 
North Central Mymensingh -4.9 -0.06 -0.7 0.19 -1.3 
Tangail -7.0 3.01 -2.2 -1.54 -0.6 
Dhaka -3.4 1.0 5.3 2.2 2.0 
North East Sylhet 2.0 4.74 3.0 7.4 1.0 
Sreemangal -1.4 1.43 4.3 -1.12 1.4 
South West Chuadanga -6.8 0.4 -0.2 0.3 1.2 
Jessore 1.0 3.9 1.0 -0.24 1.3 
Khulna -2.0 2.89 -3.7 4.1 1.3 
Satkhira -3.1 -0.3 1.9 1.76 1.1 
Mongla 4.4 4.43 -3.4 1.08 1.0 
South Central Faridpur 4.4 2.59 1.7 2.45 0.4 
Madaripur -0.8 0.43 1.4 4.53 -3.0 
Barisal 0.7 2.89 -3.8 2.25 -0.5 
Bhola -0.2 0.8 -0.4 0.9 1.1 
Patuakhali 2.8 4.74 -3.3 -0.96 -0.9 
Khepupara 1.7 3.0 -5.2 0.8 -1.5 
South East Chandpur 1.2 3.03 -0.7 3.4 -0.2 
Comilla -2.1 1.99 -0.9 1.58 -1.3 
Feni 1.8 0.5 -0.9 3.4 0.1 
Maijdee Court 1.8 5.1 6.0 4.65 2.1 
Eastern Hills Sitakunda 8.6 6.5 -6.5 -2.29 1.4 
Chittagong (Patenga) 2.8 3.2 1.9 2.4 2.0 
Kutubdia 2.1 3.1 -2.8 1.9 2.5 
Cox’s Bazar 3.6 5.9 4.2 2.4 1.7 
Teknaf 0.8 1.23 -0.4 -1.49 2.2 
Rangamati 0.2 5.33 -5.9 -3.35 -3.1 
River and estuary Hatia 2.2 2.8 -5.8 -1.3 -0.1 
Sandwip 8.5 5.97 -7.8 -4.34 1.3 
Country Average  -0.32 2.63 -0.47 1.38 0.48 
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Table A-3.2: Long term seasonal variation of rainfall for selected stations (CEGIS, 
2014) 
Hydrological 
Region Station 
Change in total rainfall (mm) 
Pre-Monsoon Monsoon Post-Monsoon Dry 
North west Bogra 264.31 467.49 190.81 37.91 
North Central Dhaka 99.00 260.83 169.57 53.74 
North East Sylhet 676.70 -189.50 11.20 -63.50 
South West Jessore 165.33 514.93 178.56 29.70 
South Central Barisal 44.05 2.32 15.76 -9.25 
South East Maijdee Court 388.60 78.30 29.80 7.80 
Eastern hills Chittagong (Patenga) 591.00 144.00 182.16 75.12 
River & 
Estuary Hatiya 129.74 825.23 365.72 74.78 
Bangladesh  294.84 262.95 142.95 25.79 
 
Table A-4.1: Most vulnerable hotspots considering drought (Rank 1 to 20) 
District Upazilla Vulnerability ranking Combined rank Severity ranking Rabi Kharif-I Khari-II 
Naogaon Niamatpur 7 5 3 15 1 
Rajshahi Tanore 6 2 11 19 2 
Nawabganj Nachole 9 7 4 20 3 
Naogaon Porsha 4 3 16 23 4 
Naogaon Sapahar 5 4 17 26 5 
Thakurgaon Baliadangi   30 30 6 
Dinajpur Hakimpur 18  12 30 7 
Naogaon Patnitala 12 18 1 31 8 
Nawabganj Shibganj 11 8 14 33 9 
Joypurhat Panchbibi 36  2 38 10 
Rangpur Badarganj   39 39 11 
Rajshahi Godagari 13 11 15 39 12 
Naogaon Mahadebpur 8 31 6 45 13 
Nawabganj Gomastapur 16 9 22 47 14 
Rajshahi Shah Makhdum 25 13 10 48 15 
Rajbari Goalanda   50 50 16 
Rangpur MithaPukur   51 51 17 
Panchagarh Tentulia   53 53 18 
Thakurgaon Thakurgaon Sadar   54 54 19 
Rajshahi Durgapur  29 25 54 20 
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Annex VII: Concept Notes for Programme of Actions 
 
Programme1: Increase water use efficiency 
 
 
 
 
Objective 
To support sustainable water resource management in agriculture sector focusing on 
irrigation water 
 
Rationale 
Water is a limiting renewable resource and avital input for agriculture in Bangladesh. Apart 
from agriculture, there are many other water uses and thus water resource management is 
indeed challenge to balance all the water uses without any significant trade off. In fact 
Sustainable Development Goal (SDG) 2 and 6 stressed on increasing water-use efficiency 
across all sectors and ensure sustainable agriculture.  
 
With the increased groundwater use and expansion of irrigated area, incompetent water 
supply and distributionlimit crop growth in irrigated fields. Thus, improvement of on-farm 
irrigation management practices (both rice and non rice crops) and water distribution are 
now critical for agricultural production.  
 
In case of water distribution different types of pipes, well designed canals must be ensured 
for increased productivity of   irrigation water.  When canals are lined with bricks, plastic or 
concrete, very little water is lost. For on farm efficient water use for rice drum seeder can 
be introduced without making a change in tillage especially in areas where water is relatively 
available. For non rice crops, drip irrigation system can be used which will save both water 
and fertilizer by dripping water slowly to the roots of plants through different networks. 
Combination of all this options can direct towards sustainable agricultural production in 
Bangladesh. 
 
Actions 
I. Improve irrigation water conveyance efficiency through buried pipe, hose pipe, canal 
lining etc. 
II. Improve on farm water use efficiency through alternate wetting and drying, leaser 
levelling, reduce tillage, direct wet seeded rice using drum seeder etc. for rice crop  
III. Improve on farm water use efficiency through introduce sprinkler and drip irrigation 
system, mulching etc. for non-rice crop 
IV. Introduction and strengthening ICT in agriculture particularly prepaid metering in 
pump operation and smart irrigation monitoring 
 
Tentative Cost: 90,000 million BDT 
Timeframe: Short to Medium 
 
Responsible Agencies:  BADC, BMDA, BWDB, LGED, RDA, DAE 
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Programme 2: Surface Water Augmentation 
 
 
 
 
Objective 
To lessen excessive ground water use  by promoting surface water use options 
Rationale 
Increased groundwater accessibility helped Bangladesh attain near self-sufficiency in rice, 
however results in the deterioration of groundwater quality due to excessive drawdown. 
Therefore, it is necessary to take corrective measures before the problem becomes too 
costly to remediate. Attention must be given to the development and management of 
surface water resources to ease pressure on groundwater.  
 
To enhance the surface water use, the strategy will lay stresses on maximum utilization of 
existing facilities through rehabilitation of existing small scale irrigation projects like Tista, 
Ganges-Kobadak (GK), Muhuri, Manu, Bhola, Barisal, Chandpur, Meghna Dhonogoda etc., 
prevention of salinity intrusion into rivers and channels, water sharing, dredging etc.  
Dredging would be carried out in a systematic and comprehensive way in combination with 
riverbank protection where priority may be given for rivers of those areas where water 
logging and saline water intrusion is dominant issues. In the wake of continued stress on 
surface water especially during the dry period, priority should be given on water sharing of 
the common/trans-boundary Rivers with the neighboring country/countries following the 
model of the Ganges Treaty-1996. Ganges Barrage Project has a reservoir to augment the 
flow of water and its equal distribution, in both dry and wet season, over the Ganges 
dependent area. The project will meet the demand of the Ganges water for agriculture, 
fisheries, ecosystems and navigation and reduce water salinity in the south west coastal 
region. Efforts should also be made to excavate/re-excavate the natural canals for rainwater 
harvesting as that can help small scale surface water irrigation. In fact, during 7th FYP 
period, government will pursue to harness the benefits of the Ganges Water Treaty 1996, 
to save south-west region of the country from salinity intrusion and to utilize the surface 
water in the wake of arsenic contamination in groundwater. 
 
Actions 
I. Rainwater harvesting through re-excavation of canal, pond, small river and 
construction of dug well etc. 
II. Rehabilitation of existing surface water irrigation project  
 
Tentative Cost: 20,800 million BDT 
Timeframe: Short, Medium and Long 
 
Responsible Agencies:  BADC, BMDA, BWDB, LGED, RDA, DAE, JRC 
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Programme 3: Increase Fertilizer Use Efficiency 
 
  
Objective 
Increase efficiency of nitrogen (N) based fertilizer use in order to mitigate green House gas 
(GHGs) emission    
 
Rationale 
 
Urea is an important and widely used fertilizer especially for rice in Bangladesh. But 
research shows that only 15 to 35 percent of the total nitrogen applied is actually used by 
the crop. Usually, applied urea results in upward disappearance of a large part as 
greenhouse gas along with downward disappearance as pollutant in groundwater or 
washed away in run-off in normal practice. In order to improve the efficiency of fertilizer use, 
the farmers have adopted urea deep placement (UDP), inserting granules at regular 
intervals 8-10cm down into the soil. The deep placed urea becomes a ‘food store’ for the 
plants, ready to be absorbed when needed, and bringing an increase in yields of at least 25 
percent above a conventionally fertilized crop. The technique also reduces fertilizer costs 
(Mujeri, et. al., 2012). Leaf Color Chart (LCC) is also a recently developed technique to 
increase fertilizer use efficiency matching the color of random leaves of rice. Farmers can 
easily understand and provide adequate amount of fertilizer which reduces excess use of 
nitrogen. However, this techniques is not so popular among farmers yet, which should be 
popularized.   
Emission of GHGs from agricultural land is a major concern. Wet lands due to excess 
irrigation also contributes to GHGs emission.   
 
Bangladesh Climate Change Strategy and Action Plan (2009) emphasized lower emission 
from agricultural lands as an individual programme to contribute in mitigation and low 
carbon development. Seventh Five Year Plan (2016-2020) pointed out to reduce excess 
use of fertilizer which basically lose soil fertility and food nutrients. 
 
Therefore, this programme targets to enhance production of Guti Urea in Urea Super 
Granule (USG) form and popularize deep replacement of them. Leaf Color Chart will also 
be promoted through this program. In a word, efficiency of fertilizer will be increased and 
emission will be reduced as well.  
 
Actions 
 
I. Enhance production of Guti Urea in the form of Urea Super Granule (USG)  
II. Popularize deep placement of Guti urea through mechanization 
III. Promote leaf colour charts to assess leaf nitrogen (N) status and adjust N 
applications to rice 
IV. Ensure optimum irrigation during application of fertilizer particularly N based fertilizer 
 
 
Tentative Cost: 8000 million BDT 
 
Timeframe: Short to Medium 
 
Responsible Agencies: ARIs, BADC, DAE, BWDB  
  
155 
Annex VII 
 
 
Programme 4: Research and Development of Climate Smart Agriculture 
 
 
 
 
Objective 
Enhancement of crop productivity, quality, health and nutritional value and/or building crop 
resilience to climate induced stresses. 
 
Rationale 
Agriculture sector is the most vulnerable sector of Bangladesh in context of climate change.  
Adverse impacts of climate change induced stresses can disrupt food availability, reduce 
access to food, and affect food quality.  Projected increases in temperatures, changes in 
precipitation patterns, changes in extreme weather events, and reductions in water 
availability may all result in reduced agricultural productivity and deficit in food nutrients.     
 
Sustainable Development Agenda of UN, Target 2.4 under SDG2 aims to ensure 
sustainable food production systems and implement resilient agricultural practices that 
increase productivity and production, that help maintain ecosystems, that strengthen 
capacity for adaptation to climate change, extreme weather, drought, flooding and other 
disasters and that progressively improve land and soil quality, by 2030. As a succeeder of 
Millennium Development Goals (MDG) Bangladesh should pay attention to this fact. 
Bangladesh Climate Change Strategy and Action Plan (2009) also kept programme on 
research towards climate resilient cultivars and their dissemination. Seventh Five Year Plan 
(2016-2020) and National Agriculture Policy (2013) did the same as well.  
 
In this regard, different stress tolerant crop varieties will be developed after doing necessary 
research. Research on bio-fortification will also be scaled up in context of nutritional value 
of food. Water conservation practices and lowering of GHGs emission should be the key 
considerations for development of climate smart technologies. Emphasis should be given 
on increasing yield for non-rice crops as their production is lower than the demand.   
 
Actions 
 
I. Varietal development or improvement of different stress (heat,  uncertain water 
supply, flood, drought, salinity) tolerant varieties for all climate sensitive crops 
II. Introduce and strengthen bio-fortification research particularly of protein, iron, zinc 
improvement  
III. Development of different climate smart (i.e. carbon smart, nitrogen smart, water 
smart, weather smart and off farm smart) technologies 
IV. Increase yield for non-rice crops particularly wheat, pulses, oilseeds and vegetables 
V. Control experiment of varietal development, irrigation and nutrient management 
considering climatic sensitivity 
VI. Screening of genetic characteristics of existing stress tolerant varieties 
 
Tentative Cost: 13,500 million BDT 
 
Timeframe: Short, Medium and Long 
 
Responsible Agencies: ARIs 
  
156 
Annex VII 
 
 
Programme 5:  Crop Diversification for Resource Optimization 
 
 
 
 
Objective 
Enhancement of both food and nutritional security through crop diversification activities 
 
Rationale 
Bangladesh, as a developing country, emphasized more on increased production of 
cereals, especially rice and wheat rather non-rice crops.  The production of major and minor 
crops became unbalanced in recent years due to greater emphasis given on cereals, which 
situation needs to be improved for balanced diet of the people. Production of non-rice crops 
such as pulses, oilseeds, vegetables, fruits, spices, etc., is currently inadequate to provide 
for the required nutrition in the daily diet of the people. The nutritional status of the 
Bangladeshi diet is on a declining trend due to low intake of vegetables, fruits and spices 
despite of having high content of minerals and vitamin. Besides, Bangladesh is envisioning 
to become developed country by 2041, when more capital would be need to execute 
development agenda. Food habit of people will be changed. Therefore, crop diversification 
activities should be enhanced more based on dietary food habit. Spatial shifting of crops 
will be required considering water availability and edaphic suitability.  
 
Crop diversification is a contemporary issue in the field of agriculture as it is an effective 
strategy of reducing risk of yield and price volatility of rice monoculture.  Seventh Five Year 
Plan (2016-2020) also targets to accelerate more crop diversification activities including 
expansion of horticultural crops, promoting sugar beet production and processing it as sugar 
crop, which will support small and marginal farmers and achieve nutritional security. 
 
This program will allow to introduce that kind of crop diversification activities. Vertical 
farming and hydroponic gardening of vegetables will be possible.  Farmers will be able to 
cultivate non-rice or minor crops after harvesting the major ones. Consequently, crop area 
will be increased and sources of protein and calorie will balance the nutrients of soil.  
Actions 
 
I. Spatial Shifting of crop based on AEZ particularly water availability and edaphic 
suitability 
II. Introduce crop diversification based on dietary food habit considering development 
vision of country 
III. Introduce and promote vertical and hydroponic gardening 
IV. Increase crop area considering economical suitability and GHG emissions.   
 
 
Tentative Cost: 25,000 million BDT 
 
Timeframe: Short, Medium and Long  
 
Responsible Agencies: ARIs, DAE, BADC 
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Programme 6: Socio-economic Suitability of Climate Smart Technologies  
 
 
 
 
Objective 
Promotion of climate smart technologies which are socially acceptable and economically 
viable with a view to increase agricultural productivity and income of small-scale farmers  
 
Rationale 
 
It is imperative in Bangladesh to develop and promote climate smart technologies for crop 
agriculture in context of climate change. These innovative technologies should draw on 
participatory and bottom-up approach to capture perceptions of local communities. Small-
scale farmers mostly involves in agriculture with indigenous knowledge. They adapt 
themselves with their innovative techniques against climate change, where introducing new 
climate smart technologies without considering their indigenous knowledge might not be 
acceptable to them. Provision of time for recreation during farm activities should also be 
kept in mind in this modern age. Moreover, marginal farmers and landless farm workers 
also constitute a major part of the population below the poverty line in Bangladesh. Hence, 
cost of technologies should be low to become viable to them. Government should come 
forward to provide incentives or index base insurance for promotion and usage of climate 
smart technologies at farm level.  
 
In Sustainable Development Agenda of UN, Target 2.3 of SDG2 emphasizes on doubling 
agricultural productivity and incomes of small-scale food producers, in particular women, 
indigenous peoples, family farmers, pastoralists and fishers, including through secure and 
equal access to land, other productive resources and inputs, knowledge, financial services, 
markets and opportunities for value addition and non-farm employment, by 2030. Seventh 
Five Year Plan (2016-2020) and National Agricultural Policy (2013) also reiterated 
toincrease productivity and real income of farm families in rural areas on a sustainable 
basis. 
 
Therefore, strategic decision should be made in developing climate smart technologies 
which should be socially acceptable and economically viable for ensuring agricultural 
productivity and income of small-scale farmers.  
 
Actions 
 
I. Customized climate smart technologies considering indigenous knowledge of 
farmer 
II. Promote low cost technologies 
III. Incentives for adoption of climate smart technologies at farm level 
IV. Introduce incentives (awareness, marketing issue, pricing/tax/subsidy/credit) for 
farmers to use climate smart technologies  
V. Piloting of different climate smart (carbon smart, nitrogen smart, water smart, 
weather smart and off farm smart) technologies 
VI. Provide index based crop insurance 
 
Tentative Cost: 42,500 million BDT 
 
Timeframe: Short, Medium and Long 
 
Responsible Agencies: ARIs, DAE, BADC, BMDA, BWDB  
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Programme 7:  Data and Knowledge Management 
 
 
 
 
Objective 
Preparation of micro level base data (soil and climate) and customization of prioritization 
tool for precision agriculture  
 
Rationale 
Agriculture has always been the most vulnerable sector of Bangladesh in context of climate 
change. Hydro-meteorological analyses play a vital role in agricultural and water resources 
planning, development and management in Bangladesh. With the advent of multi-
dimensional climate change induced problems such as variable duration flooding, droughts, 
drainage congestion, decrease in river flow, and siltation in river beds, emphasis is now 
being placed on application of more  sophisticated methods for data analysis. 
To that end, a structured system will be developed for data acquisition and analysis. 
Dedicated web portal will be developed to track all relevant policies and will act as a 
regulatory data bank for information on climate change. Steps to be taken for incorporation 
of both statistical and dynamic downscaling of meteorological GCM data, in accordance 
with the delineated AEZs. Dissemination of analyzed data to come up with sound 
forecasting system for the zones. Set up of data collections for observing meteorological 
data as well as supporting data to monitor sea level rise. Incorporate analyzed climate data 
into crop modeling to generate micro level information for soil and to improve cropping 
patterns and to ultimately develop customized optimization tools to promote stress tolerant 
varieties and precision agriculture for adaptation practices. Implementation of precision 
agriculture will ensure optimization of inputs use and maximization of returns while 
preserving resources and reducing environmental risks, saving inputs, increasing yield and 
profitability, and improve overall environmental management. 
 
Actions 
 
I. Benchmark survey and mapping on GHG emission, climate induced hazard like 
salinity (soil and water), drought, flood, storm surge etc. 
II. Assessment of climate change impact on food nutrients 
III. Selection of suitable GCM or RCM and AEZ specific downscaling of climate data for 
future impacts and vulnerability assessment.  
IV. Generation of micro level data for soil and crop 
V. AEZ specific weather forecasting and dissemination 
VI. Support AEZ specific crop modeling for climate change impacts assessment    
VII. Precision of cropping pattern and crop suitability  
VIII. Development of customized optimization tools for Bangladesh for prioritization of 
adaptation options   
 
Tentative Cost: 7,000 million BDT 
 
Timeframe: Short to Medium 
 
Responsible Agencies: ARIs, DAE, BADC, BMDA, BWDB, BMD, CEGIS, IWM 
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Programme 8:  Human Resources Development 
 
 
 
 
Objective 
Capacity building of both macro and micro level stakeholders 
 
Rationale 
The Government realizes that crop agriculture sector will is one of the recipients of the more 
adverse impacts of climate change which threatens both the nations socio-economic 
wellbeing. An integrated approach is needed to tackle climate change and this demands 
equal harnessing of the perception of all relevant players. In an age where prominent 
negotiations require prompt and somewhat instinctive decision making, a scarcity in 
adequately trained people hampers development though sluggish and unrealistic 
implementation of climate change policies and programmes alike. It is therefore necessary 
to build human resource capacity in all levels.    
 
According to Sustainable Development Agenda of UN, Target 2.3 under Sustainable 
Development Goal 2 aims to double the agricultural productivity and incomes of small-scale 
food producers, in particular women, indigenous peoples, family farmers, pastoralists and 
fishers, including through secure and equal access to land, other productive resources and 
inputs, knowledge, financial services, markets and opportunities for value addition and non-
farm employment by 2030. For that purpose, capacity building of policy makers, researchers 
as well as farmers and food producers are grossly required for planning and development. 
 
Development of adequate human resource capacity is key in implementing effective climate 
resilient schemes. Capacity building of government staff through trainings and other ways 
will ensure smooth transitions from negotiations onto policy, programme, project 
formulation, and implementation. Human resource capacity development schemes for 
Government, private sector and NGO personnel will enable their more spirited participation 
in international negotiations and will also help in gaining access to various international 
climate change funds. Exposure Visits to different climate change hotspots across the 
country will be good exposure for researchers and will enable for more elaborate work. 
Awareness raising among the farmers, who are the micro level practitioners, will enable 
smart adoption and implementation of climate smart agriculture (CSA) such as seed, 
fertilizer and irrigation practices at filed level. 
 
Actions 
 
I. Capacity building of policy maker, researcher, extension professionals for planning, 
development and extension of climate smart technologies 
II. Capacity building of farmers for adoption and implementation of climate smart 
technologies at filed level (Seed, fertilizer, biocides and irrigation application) 
III. Awareness raising among the farmers regarding Climate Smart Agriculture (CSA) 
IV. Capacity building for agro-climatic advisory services at farm level   
 
 
Tentative Cost: 4000 million BDT 
 
Timeframe: Short to Medium 
 
Responsible Agencies: ARIs, DAE, BADC, BMDA, BWDB, BMD 
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Programme 9:   Strengthen Institutions and Policies  
 
 
 
 
Objective 
Mainstreaming climate change issues into policies and strengthening institutions  
 
Rationale 
Climate change risk management comprises not only adaptation and mitigation measures, 
but also mainstreaming in policies and institutionalization for successful planning, design 
and implementation of adaptation and mitigation measures. Seventh Five Year Plan (2016-
2020) emphasized on research for climate smart agriculture, rather undertaking any actions 
to tackle climate change issues. National Agricultural Policy, 2013 also have scanty words 
about climate change, though elaboration was there in draft version. Therefore, changes 
and update of policies are important to address future challenges of climate change.    
 
Beside, Bangladesh government has well established institutional arrangement, but not 
enough capacity to address procedural challenges during project design and 
implementation. Strengthening institutions should be in immediate action to resolve above 
mentioned issues. Consequently, extension services will also be improved to bring stress 
tolerant varieties in field.      
 
Actions 
 
I. Ministry of Agriculture (MoA) to have a climate change analysis unit for redirection 
of project design, budgeting and accession of funds 
II. Changes and update policy to address challenges of future climate change 
uncertainties 
III. Institutional strengthening for addressing procedural challenges during 
implementation- examining detail feasibility of introduction of Institutional Adaptive 
Capacity (IAC) 
IV. Enhance extension services for climate smart technologies..  
 
Tentative Cost: 13,500 million BDT 
 
Timeframe: Short  
 
Responsible Agencies: DAE, MoA and MoWR 
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 Annex VIII: Meeting Minutes of Stakeholder Workshop 
Stakeholder Workshop on an Action plan for Adaptation in Bangladesh Agriculture 
under Climate Change was held on 9th November, 2016 with a view to validate the 
prioritized technological options for adaptation and get expert opinions on research needs, 
institutional arrangement, financing mechanism and programme of actions.  
The program started with welcome address by Mr. Malik Fida Abdullah Khan, Deputy 
Executive Director, CEGIS. Mr. Khan welcomed all the stakeholders and focused on the 
importance of this workshop. The Senior Secretary, Ministry of Water Resources graced the 
occasion as Chief Guest and Executive Chairman, Bangladesh Agricultural Research 
Council (BARC) as Special Guest. The Secretary of the Ministry of Agriculture was also 
invited. Forty scientists, researchers, academicians, policy makers from different relevant 
organizations (BARC, DAE, BARI, BRRI, IRRI, USAID, BMD, BSMRAU, BWDB, BIDS 
etc.)  participated in the meeting. 
Dr. Asaduzzaman, Team Leader and Dr. Sk. Ghulam Hussain, Senior Agronomist made a 
detail presentation on the study objectives, methodology and approach, outcome and policy 
implications. In general, the stakeholders appreciated this type of timely study in context of 
climate change. A two-hour long open discussion session was conducted to register the 
response from the stakeholders. They gave spontaneous feedback on the prioritized 
adaptation options as well as on overall study outcome. Numerous queries were placed to 
clarify the study methodology, assumptions and limitations. Interesting comments or 
suggestions were made for further improvement of the study. Dr. Asaduzzaman, Team 
Leader and Dr. Sk. Ghulam Hussain, Senior Agronomist of the study welcomed their 
suggestions and answered their questions. Glimpse of open discussion session is described 
below:  
Open Discussion 
Engr. Md. Waji Ullah, Executive Director, CEGIS opened the floor for discussion on 
prioritization of technological options for adaptation as well as overall study outcome after 
the presentation.  
Mr Chaitanya Kumar Das, Director (Field Services Wing), Department of Agricultural 
Extension (DAE) wanted to know about the selection procedures of technologies for 
improving cultivars as well as why other technologies were not selected for this process. In 
the presentation it was mentioned that the amount of total mustard production used as 0.22 
Mt and maize production 6.7 Mt. He wanted to know the base year of that presented data. 
He also wanted to know about the specific pulses and base year of presented data for Grass 
peak production which was not clearly mentioned in the presentation. He also recommended 
that maize production should not be affected with increasing temperature. He also wanted to 
know what the probable water scenario will be in 2030 and 2050. He also recommended to 
include the procedure to develop marketing chain for farmers in this model. He addressed 
two challenges, underground water and surface water for southern part and asked to give 
more emphasis on southern part. 
Mr. Jotish Chandra Boshak, BRRI suggested to develop a national level database for 
carbon footprint, nitrogen footprint etc to facilitate this kind of research. He asked how laser 
leveling, biocide application, LCC are possible in this study. 
Dr. Md. Sajidur Rahman, C3ER, BRAC University recommended to add more climate 
change parameters with temperature and rainfall. He also wanted to know about the salinity 
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situation of the southern part of Bangladesh and how much this study would cover the 
adaptation processes in the coastal area. He asked why shock had not been discussed in 
the study.  
Dr. Ibrahim Saiyed, IRRI, wanted to know whether this model was cost effective or not and 
how the profit would be if the model becomes low or high, soil depth/root zone soil depth and 
suggested to have subsidy calculation. He told that the models were much developed but 
not so much organized. That’s why he recommended developing a cell where all the models 
can be stored, organized, managed and if possible institutionalized. And he advised to study 
more about stresses. He talked about the data of BBS 2010 and said to mention the 
improvements after 2010 at the report. He also talked about maize production, 7th Five-Year 
Plan and Agricultural Policy. He also suggested multilayer matrix. 
Shamim Hassan Bhuiyan, BMD, wanted to know whether the effects of sudden heavy rain 
on agriculture were considered in this model or not. He also wanted to know about the 
Climate Risk Management and suggested to specify services for this kind of model like early 
warning services and weather discussion. 
Md. Ekarm Ullah, PSO, WARPO, wanted to know about the query of model impacts. He 
wanted to know why only Osel is used as soil parameter for Phosphorus and told Nitrogen, 
Phosphorus and Potassium are the basis. He also recommended to add change scenario for 
fertilizer requirement like climate change in this model. He also suggested to include the 
effect of salinity in this model. He asked whether they had considered inundation land type, 
the effect of change in rainfall pattern and the salinity EC which was presented, it really 
exists or not. 
Mitali Parvin, BIDS wanted to know about the future salinity affects. She added that salinity 
is increasing in an alarming rate in our country. So its future effects should be included in 
this model. She asked to include water the quality and whether seed replacement, high yield 
variety temperature tolerant and saline tolerant were used in this model. She also wanted to 
know whether they had used any models which had been developed after 1997 and 98. 
Dr. Asif Reza Anik, Assistant professor, BSMRAU wanted to know whether the land 
reduction was considered in this model and whether the constraints like seed replacement is 
not heard much for rice, were considered or not. He also showed his concern on migration of 
farmers, production return, and profits from the farmer’s point of view, women participation 
and productivity compromise. He emphasized that thinking regarding agricultural issues 
should be thought or viewed from farmer’s point of view. He mentioned to consider social 
aspects for optimization criterion other than achieving food security, lowering of GHGs and 
higher net return. 
Dr. Harunur Rashid, BIDS wanted to know about the processes and advised that the 
approaches for input-output relationship used in this model were old. He suggested to use 
more effective as in latest policies if available. 
Dr. S K Ghulam Hossain and Dr. M Asaduzzaman replied all the queries. Dr. Hossain 
replied to an audience saying that all the data used in this presentation were from BBS 2010. 
Consequently, base year is considered as 2010. He added production of Maize will be 
decreased with increasing amount of temperature if they do not synchronies. Dr. Hossain 
replied to Dr. Sajid’s queries saying that sudden rain would decrease the amount of 
production. Dr. Hossain replied to Mr. Jotish Chandra saying that data from similar countries 
were used if not available in our country. And he agreed to create a national level database. 
Dr. Hossain also replied that the model is cost effective and reliable. Dr. Hossain also replied 
that including salinity in this model is not possible as the amount of salinity varies rapidly with 
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time. Dr. Hossain also replied that main parameters for fertilizer requirement has been 
covered by N. P and K. Dr. Hossain replied to Dr. Harunur Rashid saying that policies and 
laws used in this model might be old but these are very effective and considered as 
masterpiece in their relevant area. Dr. Asaduzzaman replied household welfares were not 
included in this modeling, which may somewhat cumbersome in this exercise. He added that 
they were thinking to add laser technology considering its limitations.They also added that 
they have taken stress tolerant varieties into consideration in the study.  
Engr. Md. Waji Ullah, Executive Director, CEGIS requested our honorable guests to give 
their speech.  
Dr. Abul Kalam Azad, Executive Chairman, BARC suggested in his speech to clarify that 
how this study could be harmonized at national level. He talked about crop selection and 
also mentioned fruits and vegetables to be addressed in this study. He told that it is very 
difficult to adapt climate change. He then asked what would happen when the temperature 
would rise to 2 degree Celsius. He emphasized to increase institutional capacity. He also 
told that the present research achievements were sufficient but they were not sufficient for 
future. He expected the co-ordination of NARS institute. In case of negotiation issues, he 
mentioned that he is looking forward to see how much they can get for implementing this 
action plan. 
Dr. Zafar Ahmed Khan, Senior Secretary, Ministry of Water Resources expressed his 
gratitude and thanks to CEGIS to conduct such well-timed study understanding the 
importance of future uncertainties of the country. He reiterated that, this is indeed a 
wonderful study in the context of climate change through which NARS institutes of 
Bangladesh can understand the actions to be needed for future research in agriculture 
sector. He also emphasized inter-ministerial coordination to implement such action plan.  
Malik Fida Abdullah Khan, Deputy Executive Director, CEGIS summarized the 
discussion with his remarks. He mentioned that overall discussion has been made on five 
different issues i.e. data and information, model assumptions and limitations, socio-
economic context, combination of technologies and policy implications. He uttered that study 
team member will take necessary possible actions in order to improve the action plan.  
Lastly, Engr. Md. Waji Ullah, Executive Director, CEGIS concluded the session with his 
short remarks. He mentioned to say this workshop as a “dissemination workshop” rather 
than a “stakeholder workshop”.  He discussed about the different parameters that has been 
assessed and taken into considerations. He requested everyone to have more specific 
participation in national issues like this. Developing the agricultural sector along with other 
sector should be done in integrated way, he added. He thanked everyone for active 
participation of all stakeholders in the workshop and declared to arrange more workshops 
like this in the near future.  
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Annex IX: Maps and Figures 
 
Map A-2.1: Agro-ecological Zones of Bangladesh 
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Map A-3.1: Maximum temperature (°C) in Bangladesh during December-
January-February (DJF) for RCP 4.5 
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Map A-3.2: Maximum temperature (°C) in Bangladesh during March-April-May 
(MAM) for RCP 4.5 
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Map A-3.3: Maximum temperature (°C) in Bangladesh during June-September 
(JJAS) for RCP 4.5 
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Map A-3.4: Maximum temperature (°C) in Bangladesh during October-
November (ON) for RCP 4.5 
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Map A-3.5: Minimum temperature (°C) in Bangladesh during December-
February (DJF) for RCP 4.5 
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Map A-3.6: Minimum temperature (°C) in Bangladesh during March-May (MAM) 
for RCP 4.5 
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Map A-3.7: Minimum temperature (°C) in Bangladesh during June-September 
(JJAS) for RCP 4.5 
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Map A-3.8: Minimum temperature (°C) in Bangladesh during October-November 
(ON) for RCP 4.5 
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Map A-3.9: Maximum temperature (°C) in Bangladesh during December-
January-February (DJF) for RCP 8.5 
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Map A-3.10: Maximum temperature (°C) in Bangladesh during March-April-May 
(MAM) for RCP 8.5 
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Map A-3.11: Maximum temperature (°C) in Bangladesh during June-September 
(JJAS) for RCP 8.5 
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Map A-3.12: Maximum temperature (°C) in Bangladesh during October-
November (ON) for RCP 8.5 
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Map A-3.13: Minimum temperature (°C) in Bangladesh during December-
February (DJF) for RCP 8.5 
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Map A-3.14: Minimum temperature (°C) in Bangladesh during March-May (MAM) 
for RCP 8.5 
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Map A-3.15: Minimum temperature (°C) in Bangladesh during June-September 
(JJAS) for RCP 8.5 
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Map A-3.16: Minimum temperature (°C) in Bangladesh during October-
November (ON) for RCP 8.5 
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Map A-3.17: The spatial distribution of precipitation (mm) during DJF in 
Bangladesh for RCP4.5 emission scenario. 
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Map A-3.18: The spatial distribution of precipitation (mm) during MAM in 
Bangladesh for RCP4.5 emission scenario. 
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Map A-3.19: The spatial distribution of precipitation (mm) during JJAS in 
Bangladesh for RCP4.5 emission scenario. 
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Map A-3.20: The spatial distribution of precipitation (mm) during ON in 
Bangladesh for RCP4.5 emission scenario. 
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Map A-3.21: The spatial distribution of precipitation (mm) during DJF in 
Bangladesh for RCP8.5 emission scenario. 
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Map A-3.22: The spatial distribution of precipitation (mm) during MAM in 
Bangladesh for RCP8.5 emission scenario. 
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Map A-3.23: The spatial distribution of precipitation (mm) during JJAS in 
Bangladesh for RCP8.5 emission scenario. 
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Map A-3.24: The spatial distribution of precipitation (mm) during ON in 
Bangladesh for RCP8.5 emission scenario. 
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Map A-4.1: Selected Drought Vulnerable Hotspots (Upazilla basis) 
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